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1 Introduction
In light of the recently agreed way-forward on feedback extension for Rel-10 [1], in this contribution we make some considerations on the constraints that in our view follow naturally from the agreed way forward, particularly on the rank of the two component matrices W1 and W2 and their relative codebook design.
2 Discussion
It has been recently agreed that the precoder W in Rel-10 is a function of two matrices W1 and W2 drawn from two different codebooks C1 and C2, respectively. Moreover, W1 should target wideband/long term channel properties, whereas W2 should convey narrow-band/short term channel properties.
The channel properties are associated with the eigenvectors and eigenvalues of some channel correlation matrix: this can be a sample correlation calculated on an instantaneous channel measurement or a statistical average over multiple measurements in frequency and time.
Therefore, the role of W1 is that of restricting the range space of favourable precoders for a UE to a subset or sub-space of all precoders allowed for a given antenna configuration [2, 3]. In an n x n antenna configuration (n tx and n rx antennas) the unrestricted space of unitary precoders is given by all n x p unitary matrices, with rank p ≤ n. If matrix W1 has rank p1 then
· W1 should restrict the maximum rank of W2 and thus that of the final precoder W to p1< n
· W1 should be indicative of the p1 strongest eigenvectors of some wideband/long-term channel correlation matrix

· The mapping between the p1 strongest eigenvectors and W1 should be based on some easily computable metric that expresses distance between vector spaces (i.e. based on the principal angles between two vector spaces)
We also note that we do not need to define codebooks for all possible ranks between 1 and n. Indeed, we can firstly exclude for W1 rank 1 and n because in one case W1 would simply indicate a single rank 1 precoder; in the other case, all precoders are still possible and no restriction is imposed. Hence, in both cases W1 is superfluous. Therefore
· For rank 1 and n (number of tx antennas) W1 should be replaced by the identity matrix and only W2 should be configured.

Secondly, if W1conveys sub-space information, for p1 ≥ n/2, we can re-use the C1 codebooks for rank (n-p1). In fact, representing the vector space spanned by p1 eigenvectors is equivalent to representing the complementary null space of size (n-p1). Therefore, we suggest that
· Codebook C1 should be defined for ranks between 2(<n) and n/2(>1). The same codebooks may be used for ranks larger than n/2, by reporting on the complementary null-space.
The role of W2 is that of refining the indication of W1 by identifying a sub-band specific unitary precoder within the range space indicated by W1. Hence, when choosing the C2 codebook for W2, the number n of configured transmit antennas should be replaced by the W1 rank p1, if W1 is configured. The test precoder may be simply given by the product of the two matrix components: W=W1 W2. Moreover, the selection of W2 can be done similarly as for Rel-8 by evaluating the resulting W matrices. Therefore, we can conclude that
· The rank of W2 should be restricted such that: p2 ≤ min{p1,n}
· The codebook structure for C2 should be similar to Rel-8 codebooks.

In general, some of the constraints used for designing the 4-Tx antenna codebooks in Rel-8 should also be considered for C1 and C2 design: namely the unitary constraint, the restricted alphabet (8PSK) and the constant modulus property (or the sparse nature of the precoders) to allow full-power utilisation for each tx antenna. However, further study may be needed to find a way of imposing these properties on the composite matrix W when obtained, for example, as a product of W1 and W2.
3 Conclusion

In this contribution we discuss some constraints on the rank of the two component matrices W1 and W2 from which the precoder W is derived, and their relative codebooks, C1 and C2. Say n the configured number of tx antennas, p1 and p2 the ranks of W1 and W2, respectively.

For W1 and C1 we propose that

· W1, when configured, should restrict the maximum rank of W2 and thus that of the final precoder to p1< n
· For p1=1 and p1=n, W1 should be replaced by the identity matrix and only W2 should be configured.

· Codebook C1 should be defined for ranks p1 in the range: 2 ≤ p1 ≤ n/2 for 4-Tx and 8-Tx antennas. 
· The same codebooks can be used for ranks p1 larger than n/2, by reporting on the complementary null-space of dimension (n-p1).

· One possibility is to introduce the following C1 codebooks

· For 4-Tx antennas: rank 2

· For 8-Tx antennas: rank 2 and 4

For W2 and C2 we propose that
· The rank of W2 should be restricted such that: p2 ≤ min{p1,n}

Finally, we think that the constraints used in Rel-8 codebooks, namely the unitary constraint, the restricted alphabet and the constant modulus (or the sparse nature of the matrices) should also be extended to Rel-10 codebooks.
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