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1. Introduction
To achieve the peak data rate target, enhanced multi-antenna transmission with up to 8 layers in downlink is considered for LTE-Advanced [1]. Some conclusions were made in recent meetings:

· Max number of transport blocks: 2 per component carrier

· Number of MCS fields: 1 for each transport block 
· ACK/NAK feedback: 1 AN bit per transport block for evaluation as a baseline

· Codeword to layer mapping: 

· Up to 4 layers, reuse LTE codeword-to-layer mapping as in 36.211 section 6.3.3

· Above 4 layers, seek the unified solution taking the LTE codeword-to-layer mapping as baseline
· Closed-loop precoding supported 
In this contribution, we present our considerations regarding DL MIMO operation in LTE-Advanced with emphasis on spatial multiplexing scheme and channel state information feedback mechanism.
2. Discussion
2.1. Spatial multiplexing
If the eNB can track the variation of downlink channel in both time and frequency domain timely, some form of spatial pre-processing may be utilized to optimize the MIMO signal and thus additional gain in SINR might be obtained. Typically, closed-loop precoding is a suitable transmission scheme to achieve the pre-processing gain, which is a commonly accepted by most companies. If the eNB obtains the channel state information only based on the UE feedback, closed-loop precoding may be attractive only in low to moderate mobility.   
In high mobility applications, accurate and reliable feedback of channel state information might be impossible. In such cases, open-loop MIMO transmission may be considered as an alternative to achieve spatial multiplexing gain. Open-loop spatial multiplexing with large delay CDD and predefined cyclic precoding is already supported in Rel-8. To provide higher data rate transmission with reduced overhead to high mobility users that have high geometry, open-loop spatial multiplexing can be extended to larger number of layers in LTE-Advanced.
Single port transmission mode for beamforming is supported in LTE Rel-8, however the available layer number is limited to one. A work item to specify the support of dual-layer beamforming is included in Rel-9. Since multiple streams can be assigned to the same UE or to different UEs for multi-user beamforming, multi-layer beamforming can provide extra spatial multiplexing and/or multi-user diversity gain to system. Previous RAN1 discussion has already agreed on the principle of using user-specific RS for demodulation [2], thus higher-layer beamforming is impliedly supported in LTE-Advanced as a seamless evolution to further improve the cell spectral efficiency and user experience.  
The reciprocity in FDD is not valid in most cases. The eNB can get downlink channel state information only through feedback based on the measurement reported by UE. It’s noted that DOA is an exception. On the other hand, channel reciprocity of TDD can be exploited by the eNodeB to estimate the downlink channel and to generate precoding weights for UEs. The fundamental difference between FDD and TDD encourages the optimizations with different MIMO transmission and feedback mechanisms for the two modes. Aiming at a higher degree of flexibility and a cost efficient design, the two modes should be optimized based on their own characteristics.

2.2. Channel state information feedback
As mentioned above, close-loop precoding relies on knowledge about downlink channel. In FDD, information regarding spatial characters of downlink channel has to be fed back through the uplink. From the technical maturity and backward compatibility, PMI feedback similar to Rel-8 is a natural solution. At the same time, CQI feedback mechanism can be reused in the LTE-Advanced system. The remaining issue on standardization may be specific codebook design.  
In case of quantized channel feedback, the precoding transmission in FDD does not need to be codebook-based. UE may use the precoded UE-specific reference signal, instead of PMI and CRS, to estimate the equivalent downlink channel. Also, the precoded UE-specific reference signal enables transparent support of arbitrary antenna setups [3]. It seems that the direct channel quantization method may require more overhead than PMI. The exact signaling overhead also depends on the measurement granularity in both temporal and frequency domain. The feedback signaling overhead required in support of flexible downlink MIMO and the impact of newly introduced reference signal/control signaling on legacy Rel-8 UEs need further considerations. The potential benefits of channel state information at eNB side rely on efficient feedback mechanisms and proper reference signal structure. Precoding based on quantized channel knowledge will lead to mismatch between precoded signals and the actual spatial channel. As results, the interference level among layers in both SU and MU-MIMO will be elevated.

In TDD, on the other hand, full channel state information can be obtained through the measurements of uplink reference signals. No additional feedback is required for generating precoding weight vector for each layer. Furthermore, downlink MIMO can be implemented precisely with non-codebook based precoding. The corresponding signaling overhead regarding PMI/RI feedback and notification can be saved. CQI feedback seems to be inevitable for both TDD and FDD. However, the feedback of quantized noise and interference level indicator may be considered as an alternative for TDD.
The already agreed support of up to 4×4 uplink MIMO means that UE will be capable of support multiple SRS ports. Hence, Up to 4-layer precoding will be enabled based on the measurement of SRS in TDD. In case of asymmetric antenna configuration, a UE is equipped with more receivers than transmit RF chains. Thus, Tx antenna-switching technique may be considered for eNodeB to acquire full MIMO channel information in the uplink. Quantized channel state information or PMI/RI feedback may also be considered as a possible complementary scheme for TDD.
3. Conclusions
This contribution discussed several aspects of downlink MIMO. Based on the discussion we propose: 

· The fundamental difference between FDD and TDD encourages the optimizations with different MIMO transmission and feedback mechanisms for the two modes. 
· Exploitation of channel reciprocity and non-codebook based precoding shall be  supported for TDD. 
· The feedback signaling overhead required in support of flexible downlink MIMO and the impact of newly introduced reference signal/control signaling on legacy R8 UEs need further considerations. PMI/RI feedback is preferable for FDD.          
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