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1 Introduction

At RAN#53 a new work item on 4-branch HSDPA MIMO was approved [1]. In this contribution we discuss a precoder codebook structure suitable for 4-Tx MIMO transmission. We introduce a multi-granular product precoder codebook design which is well suited for e.g. dual polarized arrays.

2 Matrix Product Precoder
Codebooks adapted towards a specific antenna setup usually give better performance for a smaller codebook than a codebook not adapted towards a specific antenna setup. A two column array with dual polarized elements seems to be the most promising antenna setup for 4-Tx HSDPA in practical deployments.
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Figure 1: Dual column cross polarized antenna setup.

In this setup the two polarization states could be seen as more or less uncorrelated while the correlation between elements within each polarization will depend on the element spacing. It is well known that closer antenna spacing gives rise to higher fading correlation for most channels while a large separation yields almost uncorrelated fading. Hence, the codebook size could be minimized if this information is captured in the codebook design.

One way to capture this structure is to consider a product codebook consisting of an inner codebook that capture the correlation within each polarization state and an outer codebook which is used to co-phase or rotate the two polarization directions. Thus the overall precoder 
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 is formed as the product
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The inner precoder 
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focus on long term properties of the channel while the outer precoder 
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takes care of short term properties and in this way signaling overhead can be saved while achieving excellent performance. 

Since the two polarization states normally are considered uncorrelated, a block diagonal structure seem appropriate (depending on antenna port numbering)
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Within each polarization state, the antennas can be seen as a two port uniform linear array. Hence, the elements within each block could therefore consist of 2-element DFT vectors
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The number of beams, N, is FFS but N=4 or N=8 seem reasonable.

For transmission rank 1 and 2, the inner precoder 
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 is selected from the codebook
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where 
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 is a 2 element DFT vector with index n.

The outer precoder  
[image: image11.wmf])
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 is used to track the instantaneous channel properties. In this case the instantaneous channel properties would be the relative phase relation between the two orthogonal polarizations.

The outer precoder 
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can for transmission rank 1 and 2 be chosen from the codebook 
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Alternatively, the codebook from Rel-7 can be reused as an outer precoder codebook for rank 1 and 2 transmissions. Note that, for notational convenience, the scaling factors have been omitted in the above description.

The design for transmission rank 3 and 4 can be done similarly as above by expanding the number of columns in each block of 
[image: image14.wmf])

1

(

W

 and adding rows to and columns in
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. It is reasonable to assume that the first two layers are separated by means of polarization but any additional layer then need to be separated by means of spatial signatures within a polarization state. The block diagonal structure of 
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 is thus maintained and additional DFT vectors are appended to each block, that is
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The number of elements needed for rank 3 and 4 is FFS, but since the precoding gain is diminishing for higher ranks, a small size can be kept for higher ranks. In fact, for rank 4 only a single element may be needed.

In the case of a dual polarized antenna setup with closely spaced columns it is reasonable to assume that the beamforming vector within a polarization is fairly constant over the fast fading, while the co-phasing factor in 
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 needs to be updated more frequently. Hence for this antenna setup different updating speed of the two matrices can be used. This would minimize the feedback for a given codebook size, or alternatively allow for a larger codebook given a fixed feedback rate. On the other hand this would complicate the feedback design and potentially give rise to some error events if not carefully designed.
In the design described in this document there are different number of elements for each rank. Thus in this case it is natural to jointly describe the rank and precoder matrix by one index. If the two constituent pre-coders are signaled separately, this may not be possible though. Due to this and since less pre-coders are needed for higher ranks we prefer a joint encoding of rank and precoder. If N=4 is chosen, e.g. 
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consist of 4 DFT vectors, the rank one codebook would consist of 4x4=16 elements, while the rank 2 codebook contain 4x2=8 matrices. If 5 bits are used, this would leave a maximum of 8 indices for the rank 3 and 4 codebooks. If higher spatial resolution is needed N=8 may be needed. In this case it is needed to increase the size to 6bits. If a spatial resolution of N=4 is seen enough, an alternative is to increase the size of  
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We believe that the performance for lower rank transmissions should guide the design of the codebook and hence more indices should be spent on rank 1 and 2 then on higher transmission ranks (3 & 4).
2.1 Co-polarized antenna setups
Block diagonal designs are highly efficient for the common case of cross-polarized antennas but can also be made efficient for other antenna configurations such as a 4 column uniform linear array of single polarized elements. In this case the outer code 
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 is used to co-phase the two sub-arrays. Note though that the antenna port numbering might be different in this case. One sub-array consists in this case of two neighbouring elements.
3 Conclusions
In this document we have discussed a potential matrix product precoder codebook for 4-Tx HSDPA MIMO. The design is targeted against a two column antenna with dual-polarized elements, but will also suit uniform linear arrays with single polarized antenna elements.
The proposed precoder structure gives a relatively small codebook where most indices are spent on lower ranks. For high rank transmissions (rank 3 and 4) the precoding gain is much smaller, hence less resources are spent on these.
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