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In E-UTRA, downlink MIMO is precoding based with defined unitary codebook. The throughput and coverage of PDSCH is significantly improved by precoding based MIMO (and beamforming). The UE report to the eNode-B which precoding matrix (PMI) it prefers. The Node-B may use this PMI for MIMO transmissions. There are situations where the Node-B may actually use a PMI different from what the UE reported, for example:
· Error occurs when the Node-B decodes the UE PMI report;

· The Node-B has the flexibility to choose a different PMI;

· The UE may feedback multiple PMIs for the same bands, e.g., both wideband and narrowband PMIs. The Node-B makes the decision on which PMI to use.

Therefore, a mechanism is needed to inform the UE the actual PMI used for MIMO (and beamforming) transmission. There are several well known approaches:
· A set fixed rule for which PMI is used based on the UE feedbacks. No flexibility of Node-B to select PMI. It assumes PMI report is highly reliable;
· Dedicated reference signal. This increases downlink overhead and system complexity since multiple modes have to be supported, e.g., with and without dedicated reference signal.
· Include PMI in the downlink signaling. This increases downlink control channel overhead especially with frequency selective precoding. This also results in multiple formats of the control channel.

In this contribution, we propose to perform precoding without dedicated RS and PMI signaling in the downlink and the UE will blindly detect which PMI is used. The details of the blind detection of PMI are given in the Appendix. The common reference signal is used for channel estimation. The estimated channel information is then used with only the knowledge of the modulation constellation and the candidates of precoding matrices for PMI detection.
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Figure 1 Error Probability for Blind Detection of PMI – PDCCH.
In Figure 1, simulation results are given for blind detection of PMI for downlink control channel (PDCCH). 4 transmit and 2 received antennas are assumed. A codebook of 16 precoding matrices for rank 1 is used for MIMO transmission with QPSK modulation and various number of control channel elements (CCE). Each CE consists of 36 sub-carriers. As shown by the simulation results, the FER of 0.1% is achieved at SNR of -5, -3, 0 and 2 dB for the cases of 8, 4, 2 and 1 CCE. Compared to the PDCCH decoding performance given in Figure 2, the required SNR for PMI detection at 0.1% error rate is equal or lower than that of PDCCH decoding at FER of 1%. To further improve the reliability of the PDCCH, more than one candidate PMI can be selected followed by decoding of PDCCH.
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Figure 2.  CCH performance – N=46 bits, CCE size of 36 REs, TU 3 km/h, 2Tx-2Rx (SFBC), non-ideal channel estimation, tail-biting convolutional code (R=1/3, K=7).

Results for down link data channel (PDSCH) with 1 resource block (120 sub-carriers) are given in Figure 3 for QPSK with rank 2 and 16 QAM with rank 1 and 2. To achieve FER of 0.1%, the required SNR is 0, 2 and 4 dB per antenna per rank, respectively.
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Figure 3.  Error Probability for Blind Detection of PMI – PDSCH.
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Appendix – Blind Detection Algorithm for PMI
Denote the received signal of the downlink channel with precoding on the ith sub-carrier as
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Here 
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H

 is the corresponding channel response in the frequency domain for the ith sub-carrier from the jth transmit antenna at the eNode-B, 
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 is the transmitted modulation symbol on the ith sub-carrier, and 
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 is the noise and interference. Here precoding vector Wy=[wy1, …, wyN] is used for transmission with N transmit antennas.
Assume the modulation of the transmitted symbols is known, for example, QPSK or 16 QAM, with constellation set of {c1, c2, …, cM}. To estimate which precoding vector is used, the following object function is minimized:
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where 
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 is the channel estimation using the common reference signals, L is the total number of sub-carriers used for PMI detection and K is the total number of possible precoding vectors. 
The detection could be extended to G received antennas and rank R>1 MIMO and beamforming by minimizing the following object function:
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The actually minimization algorithm can be optimized to reduce the computational complexity.
To improve the PMI detection performance, the knowledge of the repetition of the coded bits (or modulation symbols) may be utilized. The minimizing operation at the rightmost side of the object function actually makes a hard decision of the modulation symbols. Combining the coded bits/symbols before minimizing operation increases the reliability of this hard decision when the right PMI is assumed. As a result, the overall PMI detection improves, especially when SNR is low.
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