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Introduction
The study item on Downlink MIMO Enhancement for LTE-Advanced [1] included the case of geographically-separated antennas [2,3]:
· Identify the need for DL MIMO enhancements, and evaluate such enhancements, applicable to non-uniform network deployments, low-power nodes (including indoor), relay backhaul scenarios, and practical antenna configurations (especially 4 tx, and including geographically-separated antennas i.e. macro-node with low-power RRHs), ...
Compared with the traditional downlink MIMO transmission where all the antennas are collocated at the same transmission point, in this scenario the transmissions antennas are geographically separated and located at different distances from the UE. The antenna ports at the same transmission points are correlated and experience the same large scale fading, while the antennas ports at different transmission points are uncorrelated due the geographic separation and rich scattering environment, but exhibit different large scale fading to the UE. When they jointly transmit to the UE, the composite channel consisted of multiple geographically separated transmission antennas and collocated reception antennas have very different channel characters than the traditional MIMO channel with collocated transmitting antennas. Transmission scheme in this scenario need detailed investigation, including precoding and the CSI feedback mechanism.
1 Transmission precoding for geographically separated antennas
When per-point feedback is used, the codebook of Rel.8/10 can be reused because the channel from each individual TP to the UE is the same as channel for traditional single TP MIMO. The UE can select the precoder Wk for each TX points that the joint transmission from them achieve high transmission capacity:
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Eq.1
In addition to PMI feeback, co-phasing between different transmission points Φk can be used to further enhance the transmission capacity. The PMI and phase rotation can be jointly selected as follows:
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Eq.2
However, in order to achieve the maximal capacity of the composite channel, it is required to align the transmission signal in the same direction spanned by the right singular vector (matrix). It is well known that when the number of RX antenna is 1 at the UE, the capacity is achieved using maximal ratio combining at the transmitters. For the composite channel 
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 the ideal precoder is given by
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Eq.3
It is clear that the transmission power from the two TPs
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Eq.4

where 
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 is the path loss difference from the two TPs to the UE. On the other side, both the local precoding approaches (Eq. 3, 4) let the same TX power be transmitted from the two TPs and is clearly suboptimal. No matter how the individual precoding matrices or the cophasing are chosen, the signal transmitted from the TPs are not in the direction of the maximal spatial mode and is far from achieving the capacity of the composite channel H. The performance degradation of the local precoding approaches increases with 
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 and is roughly in the same scale as 
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. The global precoding approach (Eq. 4) captures the difference in the path loss 
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and does not suffer this performance loss. We believe this performance gap is large enough to justify the study of the global precoding as an alternatives to the local precoding approach.
Proposal 1: Study global precoding method for geographically separated antennas. 

A straightforward design of CSI feedback was proposed in [5]. Such direct quantization of the precoder matrix is expected to achieve fair performance but also incurs a large feedback overhead. On the other  hand, global codebook based on non-uniform quantization can achieve better or comparable performance with much less feedback overhead.   A new global codebook can be designed for transmission through the channel H. The design of the global codebook can take into consideration of the channel correlation between different transmission antenna ports distributed in multiple TX points, and the distribution of their relative signal strength. The granularity of the codewords can be different in different dimensions with respect to different transmission points depending on the relative strength of the signals, achieving lower overall quantization noise with given feedback overhead. From the global codebook, the UE can select the precoding matrix which maximizes the transmission capacity, and feedback the PMI to the eNB. Because the global codeword applies to all the transmission points, it incorporates all the relative phase and amplitude information. Potentially the codebook can be designed to approximate the optimal precoding matrix derived from SVD decomposition of the channel and could achieve higher system throughput with lower feedback overhead.  Preliminary simulation results confirmed that the gain of global precoding over local precoding can be significant, with the similar or even lower feedback overhead. Based on these observation, we propose to include global precoding as a candidate technique for enhanced DL MIMO study item.
Proposal 2: Study codebook based global precoding scheme and related CSI feedback mechanism for geographically separated transmission points. 

2 Conclusions

In this contribution we discussed several potential transmission scheme and the corresponding CSI feedback mechanisms that can be applicable to the enhanced DL MIMO transmission with geographically separated transmission antennas, and compared global precoding with two other candidate precoding techniques. Based on the discussion above, we make the following proposals to enhanced DL MIMO transmission in the presence of geographically separated transmission points:
Proposal 1: Study global precoding method for geographically separated antennas. 
Proposal 2: Study codebook based global precoding scheme and related CSI feedback mechanism for geographically separated transmission points. 
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