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1. Introduction

At #60 meeting, we agreed that Rel-10 precoder matrix will be composed of two precoder matrices, and each of these precoder matrices belongs to a separate codebook. Furthermore, the two precoder matrices should follow the agreement as follows.
· One of the two precoder matrices targets long-term and/or wideband channel properties
· The other precoder matrix targets short-term and/or frequency-selective channel properties

· PMI feedback will be used for both precoder matrices.
Various precoding schemes and codebook design methods have been discussed according to the above agreement, and in the last meeting, we made another agreement as follows. 
· For PUCCH, the feedback corresponding to two codebook matrices can be sent in different or the same subframe (unless it turns out that the payload is too large to ever send two PMI in the same subframe on PUCCH). Two PMIs will be transmitted at different subframes if payload reduction is required
In this contribution, we investigate the most common precoder schemes to confirm which one of the two precoder matrices should target long-term and/or wideband channel properties. We also check if less frequent feedback would be possible for the precoder matrix which targets wide-band/long-term channel properties.
2. Dual matrices precoder for Rel-10 
For large antenna array, dual polarized antenna(DPA) would be an important antenna configuration [1]. We have discussed two major approaches for dual stage precoder for DPA. With polarized antenna at both an eNB and a UE, since the channel of each polarized domain would be separated or partially correlated, intra-domain precoding, which performs precoding over two sets of 4 Tx antenna array, would be possible [2]~[4]. In this case, one precoder matrix performs precoding for each of two polarized channel domain and the other precoder matrix performs inter-domain interference mitigation. To put it another way, one precoder matrix performs linear matrix operation such as bias transition or bias concentration, and the other precoder matrix performs 8Tx precoding over transformed channel matrix [5]~[7]. 
2.1 Intra-domain precoding and inter-domain interference mitigation by two precoder matrices
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Figure 1. Polarized channel without/with phase mismatch
Figure 1 shows the channel with/without phase mismatch at an eNB and a UE in polarized domains. Without phase mismatch, the channel is composed of two isolated intra-domain channels, and inter-domain interference free precoding is possible. However, in practical communication systems, phase mismatch would occur, and inter-domain interference mitigation scheme would be required for polarized antenna transmission. One simple approach for the precoder can be given as Kronecker production of intra-domain precoder and phase adaptation matrix as below. 
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 will reduce inter-domain interference. 
2.1.1 Short-term /frequency selective intra-domain precoding

Short-term/frequency-selective intra-domain precoding over polarized channel can be written as 
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The reception of signal over precoding and polarized channel would be
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If 
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For non-orthogonal 
[image: image21.wmf]'

h

H

 and 
[image: image22.wmf]'

v

H

 adaptive selection of 
[image: image23.wmf]a

 will reduce/enhance the reception of 
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 will also simultaneously enhance/degrade the reception of 
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It should be noted that the reduction of one inter-domain interference, for example, the inter-domain interference caused by 
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, will enhance the other inter-domain interference which caused by the reception of 
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. In addition, since the selection of 
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 depends on the correlation between 
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, both precoder matrices would require a feedback on frequency-selective or short-term channel properties.
2.1.2 Long-term/wideband intra-domain precoding 
Here, we show another example of intra-domain precoder which selects intra-domain precoder PMI by observing covariance of channel matrix. According to figure 1, the covariance matrix of polarized channel can be written as 
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In equation (5), 
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 are composed by amplitude terms which would slowly vary over time or band, and the product of channel covariance matrix and precoder matrix can be written as 
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The horizontal antenna domain at UE observes the reception of signal 
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It should be noticed that inter-domain interference free transceiver is possible with long-term/wideband intra-domain precoding, and it also should be noticed that the precoding gain will mainly depends on the resolution of intra-domain precoder. 
2.2 Matrix transition and precoding over virtual channel by dual stage precoder 
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Figure 2. Bias rotation or bias concentration by inner precoder

Matrix transition means bias rotation, bias concentration into intended direction or both. In general, the precoder codewords in the codebook will be designed to have the same Chordal distance, and the resolution of precoder will be constrained by the size of codebook as shown in the leftist of figure 2. By rotating the bias of channel or codebook, we can get better resolution, or we can get better resolution by concentrating the bias of channel or codebook into proper location [6], [7]. One possible way of such transition is eigen vector transition [5]. Let 
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for the eigen value 
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Equation (8) shows that transformed eigen vector 
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 is eigen vector of transformed channel’s covariance matrix 
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[image: image64.wmf]out
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 is codebook of outer precoder. By observing channel covariance matrix, inner precoder decides the transition matrix which satisfies equation (9), and outer precoder selects precoder matrix which satisfies equation (9). Since both inner precoder matrix and outer precoder matrix can be defined according to covariance matrices, long-term/wideband PMI would be possible for both precoders. Details are for further studies.
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Figure 3. Eigen vector of matrix transition 
3. Summary
In RAN1 #60 meeting, we made an agreement that one of the two precoder matrices targets long-term/wideband channel properties. We investigated two major concepts of dual matrices precoder, and it is observed that both approaches match the agreement well. Each scheme will satisfy the agreement with the baseline as shown below.
· If we decide to use intra-domain precoder which performs intra-domain precoding and inter-domain interference mitigation, the intra-domain precoder would target long-term/wideband channel properties. 

· If we decide to design inner precoder as a transition matrix, either inner or outer precoder matrix can be selected according to the long-term/wideband channel properties. The decision which precoder matrix will target long-term/wideband channel properties is FFS. 
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