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5. Descriptions of studied concepts

5.8 Closed-Loop STTD with multiple antennas

The Closed-Loop (CL) STTD with multiple antennas is a concept valid for any even number of transmit antennas. Here it will be described for the case of 4 antennas (CL-4-Tx-STTD).The transmitter of CL-4-Tx-STTD is depicted in Fig.1 [26]-[28]. 
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Fig.1. CL-4-Tx-STTD transmitter.
The received signal during two symbol periods at the receiver front end with one antenna element can be represented as
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(1)

where S1 and S2 are the data symbols, and n1 and n2 are complex Gaussian noise samples. The parameters  and  are defined as follows,
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(2)

where h1k, h2k, h3k and h4k are the complex amplitude coefficients of the propagation paths from 4 transmit antennas, having the same propagation delay. There are K propagation paths from each transmit antenna. The parameters  and  are the rotation phases. It is required that =+, so one of the rotation phases is picked up from a look-up table given in Section 5.6, while the other is calculated accordingly. The rotation phase should be kept constant over the period of at least 2 symbols.


The symbols S1 and S2 can be decoded from r1 and r2 by using the receiver consisting of an ordinary STTD decoder, having k replaced by k w1, and k replaced by k w2.
The weights w1 and w2 are defined as [27]
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The feedback quantization method, consisting of FBI bit generation (encoding) in the UE and decoding in the Node B, is shown in Fig. 2.  
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(a) FBI encoding
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(b) FBI decoding

Fig 2.  Predictive Feedback Quantization method.

The one-bit FBI encoding of power ratio of two propagation channels is performed similarly as for selection transmit diversity: if the power of the first propagation channel is greater than or equal to the power of the second channel, FBI bit is set to 1, otherwise FBI bit is set to 0. The FBI bit is then transmitted to Node B. 

The received FBI decoder at the NodeB consists of a delay-line buffer for storing a number of most recently received FBI bits, and the ratio regenerator. The ratio regenerator regenerates the power ratio 
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. The ratio regenerator is a look-up table. The three different ratio regenerators are given in Fig.3, corresponding to the decoding lengths L equal to 1, 2 and 3 FBI bits. Once the power ratio is regenerated (Ratio=10Ratio(dB)/10), the weights w1 and w2 are calculated according to the equation (3).
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Fig.3.  Power ratio regenerators for 1, 2, and 3 consecutive FBI bits.
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