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1. Introduction
It was agreed in RAN1#60 and RAN1#61 that the precoder for a subband is obtained as a matrix multiplication of the two matrices[1]

 REF _Ref263930191 \r \h 
[2]. One of the two matrices targets wideband and/or long-term channel properties, and the other matrix targets frequency-selective and/or short-term channel properties. To be specific, the precoder W can be written as either W=W1W2 or W=W2W1. W1 is the wideband and/or long-term component and W2 is the subband and/or short-term component.

Channel status report of LTE Rel-8 is classified as wideband report and subband report. Due to frequency selectivity of wireless channel, a wideband report may not match the channel of some specific subbands. However, even the wideband report is not accurate, subband report can provide additional information to amend it. As a contrast, within the dual-codebook feedback framework of Rel-10, accuracy of a subband report depends on the accuracy of a wideband component. That is, if the wideband component is not as accurate as desired on a subband due to frequency selectivity, the derived subband report is not accurate.
Frequency selectivity comes from RF chains as well as radio propagation. In the following section, we will discuss the potential problem of dual-codebook feedback framework when RF timing misalignment exists.
2. Timing misalignment
Before transmitting from a physical antenna, signal will pass through an RF chain including transmit filter, cable and antenna. For different transmit antennas, the RF chain is typically different. In an ideal system, transmission delays of different RF chains are identical, and signal will be transmitted from different antennas at exactly the same time. However, in practical scenario, the transmission delays are different. As a result, signals are sent out with slightly different timing, i.e., timing misalignment may exist. The phenomenon is illustrated in Figure 1. A single data stream is weighted by V1 and V2, and sent out from two antennas respectively. The weights V1 and V2 are selected based on channel state information to make sure that transmitted signal is combined coherently at receiver. The best choice of V1 and V2 depends on the phase difference between two antennas, including phase difference induced by timing misalignment.
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Figure 1: Illustration of RF timing misalignment
Difference in time domain translates to linear phase in frequency domain. The phase difference can be quite large depending on the timing difference and considered bandwidth. Requirement of LTE is that the timing difference between to antennas should not be larger than 65ns. We take 65ns as the example timing difference. For a 20MHz component carrier (CC) in LTE Rel-10 system, the relative phase difference between two antennas can be as large as 2π ∙ 65 ∙ 10-9 ∙ 20 ∙ 106 = 2.6π. In this case, it is impossible that a wideband component is valid over the whole bandwidth of a CC. 
According to the discussions in previous meetings, the wideband component is commonly understood to cover all subbands within a CC. Therefore, there must be some subbands that the wideband component does not match the channel. As a consequence, the derived subband precoder may depart far from the actual channel. Of course, the effect can be compensated by the subband component to some extent. However, the size of codebook should be increased inevitably. To fully compensate the effect, the subband codebook may need to be as large as the wideband codebook. It contradicts the original intention of introducing dual-codebook feedback framework.
Several solutions are possible to cope with the problem:

1. Introduce tighter timing-misalignment requirement among the RF chains of the eNodeB. In order to make sure that the wideband component is valid over a 20MHz bandwidth, the timing misalignment requirements would be on the order of 5ns. It will significantly increase the cost of devices, and should be considered as impractical in the time frame of LTE Rel-10.

2. Introduce antenna calibration technique for eNodeB antennas. Calibration can be implemented by adding a calibration module at eNodeB side. The module collects data needed for calibration and computes the adjustment parameters. This would also increase cost of devices. 
3. Limit the span on which a wideband component is valid. For example, divide the 20MHz bandwidth into 4 segments. The span of each bandwidth segment is then 5MHz. For 65ns timing misalignment, the relative phase difference between different antennas within a bandwidth segment is 2π ∙ 65 ∙ 10-9 ∙ 5 ∙ 106 = 0.65π. It is possible that a properly designed codebook can work well under such circumstance.
Considering the incurred cost and feedback accuracy, the 2nd and 3rd solutions seem feasible and worthwhile to explore further.
3. Conclusions
In this contribution, we discuss the potential problem of dual-codebook feedback framework when RF timing misalignment exists. It is observed that a wideband component suits for the whole bandwidth of a CC may be impractical, and several possible solutions are discussed. It is recommended that RAN1 identify the problem and consider whether a solution is needed.
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