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1. Introduction

In Rel-10, we agreed that 2, 4 or 8 Tx antenna array can be used at eNB side, and the downlink MIMO precoding could be either codebook based, or non-codebook based according to the transmission mode. 

· With 2/4 Tx antenna,

· At transmission mode 3~7, codebook based precoding is used
· At transmission mode 8, 9, non-codebook based precoding is used 

· At the UE side, codebook is used for CSI feedback, but at the eNB side, the precoder matrix selection relies on eNB’s decision 

· With 8 Tx antenna, 

· Transmission mode 9 supports 8Tx antenna transmission with non-codebook based precoding 

· Hierarchical structure codebook is used for CSI reporting.  

While 8Tx codebook is designed for CSI reporting since non-codebook based precoding was the major issue during the discussion, 4Tx codebook is designed for non-codebook based precoding, and when we follow the design rule and the structure of 4Tx codebook, it is clear that low-correlation channel is the major consideration of 4Tx codebook. In Rel-11, we may use 2/4Tx antenna array in various network configurations, and we need to confirm whether the current 4Tx codebook is still valid for the new network configurations. In this contribution, we discuss the new environment of downlink MIMO introduced by Rel-11, and we discuss the necessary modification of 4Tx codebook.

2. Rel-11 single cell downlink MIMO channel
To separate out the hot zone from macro site, to support high data rate transmission in small area, or to cover cell edge or shadowed region, the utilization of low power node in hierarchical network configuration has been studied. For the practical reasons, low power node would be a compact transmitter, and closely spaced small antenna array would be preferred for low power node. Thus, single antenna array and single cell generation by low power node would be preferred, and as shown in figure 1, 1-dimenstional linear array or multi-dimensional array would be used to cover non-/circular area. Low power node would be used to imply indoor femto cell or outdoor pico cell – whether it would have separated cell ID or not –. When the low power node is built to support indoor communication, node and UE would be connected via rich scattering environment, and LoS would also be easily obtained. If strong interference from outdoor transmitter can be emitted, indoor low power node would perform downlink MIMO transmission in friendly environment, and we may not face severe problems to support downlink MIMO transmission via low power node. However, to support multi-dimensional antenna array, we may need a discussion for CSI feedback schemes including codebook design. 

Figure 1. One-dimensional or multi-dimensional antenna configuration at low power node and coverage area generated by low power node
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When low power node is built outdoor, since the coverage area and transmission power is relatively small, and LoS would exit between low power node and UE with high possibility since the possibility of LoS increases as the distance between transmitter and receiver decreases – if transmitter height is geometrically low [1]. Furthermore, as shown by figure 2, since low power low height transmitter cannot send signal over the large scatters, UE would be mostly connected via LoS or the UE would lost the connection from low power node. 
Figure 2. Downlink MIMO channel between HeNB and UE
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Figure 3. LoS and shadowing by low power node
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3. Codebook design for low power node single cell MIMO 
The 4Tx codebook which was originated for Rel-8 single cell MIMO, is designed to provide the maximum Chordal distance, and it is composed by 4 sets of 4 orthogonal matrixes. For un-correlated channel environment, Chordal distance and the orthogonality between the matrices would be important characteristics for downlink precoding, and current 4Tx codebook is well designed for the un-correlated channel or antenna configurations. Regarding the downlink single cell MIMO channel characteristics, especially the low power node’s channel characteristics, discussion issue for codebook design would be raised since Rel-11 downlink MIMO would be based on explicit CSI feedback. The UE receiving downlink signal from low power node would experience the channel which LoS frequently exist in rich scattering environment – indoor – or in the environment where only few path exist between node and UE – outdoor. Due to the existence of LoS and the small spacing between transmission antenna, downlink MIMO channel generated by low power node transmission would be spatially correlated, and we may need to design new 2/4 Tx codebook. Considering the channel properties of low power node, Rel-11 2/4 Tx codebook would be recommended to supporting the following characteristics. 

· Most of all, since the channel would be highly correlated, the codebook should be able to report highly correlated channel state information. 

· The codebook should be able to report channel state information for various antenna configurations including one-dimensional linear array and multi-dimensional antenna array 

· In sparsely deployed scatter environment, if LoS exist, the channel would show quasi-flat fading in frequency domain. Thus, subband CSI reporting or PMI reporting would not be necessary. 
It would be also required to report high resolution CSI for low rank channel. As Rel-11 8Tx codebook, if highly correlated antenna configuration is used for MIMO transmission, phase difference vector, or directivity vector would be a valid choice as CSI feedback scheme. However, since multi-dimensional antenna array would be used, UE may need to report multi-dimensional phase information or multiple phase shift information to the node. We may have two alternatives how to report the channel information which is highly correlated but could be generative by various antenna configurations 
· Alt 1. Multiple phase vectors which represent the dimension of the antenna and the phase difference of each main channel would be used as CSI feedback.

· Alt 2. Channel quantization value could be used as CSI feedback. 

We assume that Rel-11 2/4Tx codebook could be built according one of the two alternatives. 
4. Conclusion 
Rel-11 single cell MIMO scheme could be applied between high power eNB and UE, or it could be applied between low power node and UE. Considering the channel characteristics of low power node, we would need to design new codebook for 2/4Tx antenna MIMO transmission, and we would need to consider following characteristics 
· Rel-11 2/4 Tx codebook should be able to reflect the channel state generate by various antenna configurations including 2D/3D antenna array
· Rel-11 2/4 Tx codebook would report high resolution CSI for low rank channel. 
· Supporting of subband CSI reporting is FFS.
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