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1.  Introduction 
This document considers the relation between codebook design, the chosen alphabet, and the requirement to balance the transmitted power across antennas in DL MIMO.  
2.  Discussion
2.1 Constraints on Codebook Alphabet

A constraint on the codebook design to ensure that CQI calculation can be consistent with equal power per transmit antenna, at least with a subset of codebook entries, was proposed in [1] and agreed in [2]. This is intended to support full power amplifier (PA) utilization, where the same total output power is required for each antenna:
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Where 
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is the overall precoder, and 
[image: image3.wmf]T

N

is the number of transmit antennas. 
It was further agreed in [2] that at least a subset of codebook entries should also have orthogonal columns with unit norm (i.e. corresponding to unitary precoding).

In the RAN1 discussion of codebook design the desirability of a restricted alphabet (e.g. QPSK, 8-PSK or 16-PSK) for precoding coefficients has been mentioned. Restricting strictly to M-PSK would ensure that requirements for both full PA utilization and unit norm are automatically met for all codebook entries. There may also be some reduction in computational complexity with restricted alphabets, but it is not clear how significant this consideration would be in practice. However, it is of interest to examine what other alphabets could be beneficial (e.g. whether different amplitude values should be allowed within a precoder). In principle, an ideal precoder, even with power balancing between antennas, would require an unconstrained alphabet, but we focus here on limited alphabets.

We could consider the optimum allocation of power among the precoding coefficients as analogous to the “water filling” problem. It is well known that “constant power water filling” (i.e. allocating either zero or uniform power) is quite close to the optimal solution, assuming that unused power can be re-allocated elsewhere. This suggests that adding the possibility of “zero” to an M-PSK alphabet will achieve much of the potential benefit available from an alphabet with different amplitudes. 
However, other amplitude scaling factors could also be considered (e.g. in the form of APSK (Amplitude and Phase Shift Keying), of which zero amplitude is a special case). More generally, a M-QAM alphabet could be considered (i.e. a limited set of amplitudes for I and Q components).     
2.2 Power Balance between Antennas

As mentioned above, balanced power between the antennas is a desirable property for a transmission scheme, which allows full use of PA resources. This is probably easier to achieve with APSK than M-QAM, since a smaller number of additional amplitudes are involved.

We first examine how to achieve power balancing between antennas for an alphabet of M-PSK plus zero. It is necessary that each transmit antenna is assigned the same number of zero values. This is not a difficult constraint to satisfy for the full rank case. It implies that the precoding matrix would have the same number of zero values in every row. 
As a further example, any number of up to 
[image: image4.wmf]T
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pre-defined orthogonal patterns of zeros can be applied to the precoder (e.g. by using a Hadamard product). Suitable patterns could be generated by cyclic shifting of a base pattern with 
[image: image5.wmf]T

N

zeros. For lower transmission ranks, power balance between antennas may be achievable, but at the cost of power imbalance between layers. Note that for equal power per layer each precoding vector would need to contain the same number of zero values, but this is not necessarily an essential design requirement.

Some sets of possible zero patterns (satisfying the power balance requirement) are proposed in Annex A.    

Since the same considerations for power balance apply, the same kind of patterns could be use if another amplitude factor (instead of zero) is applied (e.g. 0.5 or 1.5) 

2.3 Other considerations

· The Release 8 codebook can be viewed as a special case of setting codebook elements to zero: When the rank is lower than the number of transmit antennas the coefficients for the unused layer(s) are set to zero. 
· It may not be necessary to ensure power balance between spatial channels 

· Antenna power could be balanced by applying different precoding vectors in different RBs (Resource Blocks) for the same (or a different) UE.
· If one antenna is unused for one UE it could be used for transmission to another UE with higher power.
· We note that for a precoder derived from two codebook indices, power balancing would between antennas requires attention to the properties of the combined precoder, while computational complexity savings in the codebook search (if any) are likely to depend (at least partly) on the alphabet(s) of the constituent codebook matrices. 

· With a precoder derived from two codebooks by a matrix multiplication, it may be more straightforward to achieve power balance with some approaches (e.g. Hadamard or Kronecker product of two codebooks with M-PSK alphabets) than others.

3. Conclusions
  Considering the above discussion, in order to facilitate power balancing between antennas, we propose the following:-
· If the MIMO codebook alphabet is extended beyond M-PSK, this is done subject to the following constraints assumed by the UE:

· Only a limited set of amplitude values for precoding coefficients.
· After precoding, power is balanced between transmit antennas (noting that power balance between layers is not essential)
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5. Annex
A. Codebook with zero value included in the alphabet (4x4 case). 

We consider the case of rank 4 transmission for 4Tx and 4 Rx antennas, where in general, the rank 4 precoder is a 4x4 matrix.

We assume that the alphabet for the whole precoder is M-PSK plus zero, and that power balance is required between antennas. This means that each row and in the precoding vector will contain the same number of zero value coefficients. If we apply the further restriction that each precoding vector has the same number of zero value coefficients (power balancing among precoding vectors), each column will have the same number of zeros.
We can arbitrarily choose to keep the first elements as always non-zero.
Example zero patterns meeting the above criteria for 1 zero per antenna are:-  
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In total there are 3x3x2=18 such patterns 
If we choose to always keep the diagonal elements as non-zero, there are 9 such patterns:
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Example zero patterns meeting the above criteria for 2 zeros per antenna are:-  
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If we choose to always keep the diagonal elements as non-zero, there are 5 such patterns
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Note that the last matrix is block diagonal, which may be suitable for cross polar arrays.
In the case that there is only one non-zero value per antenna, the actual coefficient values (and locations in the matrix) are not significant, then retaining only the diagonal elements would be sufficient. 

In the case of power balancing between antennas and precoding vectors, and retaining all the diagonal elements, signalling to the UE which patterns is applied would require the following numbers of bits:
	Number zeros per antenna
	Number bits required

	Up to 1
	4

	Up to 2
	4

	Up to 3
	5


For rank 3 and lower, truncated versions of the patterns can be used, where the unused precoding vector is set to zero e.g for rank 3
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 Or for rank 2
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 Unfortunately the power is now unbalanced between antennas.

Power balance can be maintained for rank 2 transmission and 2 zero values per precoding vector. E.g  
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