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Summary

This contribution presents the text proposal for TR25.869 “Tx diversity solutions for multiple antennas”.

We propose text for a new section, called “Closed-loop STTD”, as one of Tx diversity solutions in TR 25.869.
The text contains descriptions of the two options of closed-loop STTD: 

· Adaptive-STTD, and 

· Eigen-STTD.

-------------------------------START of the PART 1 of the TEXT --------------------------------------
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5. Descriptions of studied concepts

5.7 Closed-Loop STTD
Fig. 1 shows the principle of closed-loop STTD. 
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Fig.1. Closed-loop STTD.

The weight functions w1 and w2 are constant during one STTD encoding period. The weights are calculated from the feedback information from UE. The feedback information is carried by the FBI bits on the uplink DPCCH, as it is done for the existing TxAA closed loop transmit diversity modes.

The closed-loop STTD has two options: Adaptive-STTD (ASTTD) and Eigen-STTD.

5.7.1. Adaptive-STTD
The ASTTD is characterized by having the weight coefficients w1 and w2 in Fig.1 defined as 

             
 
[image: image2.wmf]4

1

2

1

|)

|

/

|

(|

1

1

h

h

w

+

=

, 
[image: image3.wmf]4

2

1

2

|)

|

/

|

(|

1

1

h

h

w

+

=

.          

 (1)

The feedback quantization method is so-called predictive feedback quantization, and is shown in Fig. 2. In the current standard, one FBI bit per slot is fed back from UE, meaning that the ratio of the amplitudes between two propagation channels should be quantized into one bit by some encoding algorithm. The received FBI bit at NodeB should be processed, i.e. decoded so that the original, non-quantized feedback information is regenerated as much as possible. The FBI encoding and decoding together constitute a feedback quantization method.  
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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 amplitude ratio of two propagation channels is performed similarly as for selection transmit diversity: if the amplitude of the first propagation channel is greater than or equal to the amplitude 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 an amplitude ratio regenerator. 

The amplitude ratio regenerator is a look-up table. The three different amplitude ratio regenerator look-up tables are given in Fig.3, corresponding to the decoding lengths L equal to 1, 2 and 3 FBI bits. 
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Fig.3.  Amplitude ratio regenerators for 1, 2, and 3 consecutive FBI bits.

Once the ratio is regenerated, the weights w1 and w2 are calculated exactly according to the equation (1). The weights calculation can be merged with the amplitude ratio regenerator into a single table. 

The ASTTD receiver is shown in Fig.4, assuming there is a single antenna in the receiver.
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Fig.4. Receiver structure for ASTTD.

The received signals r1 and r2 corresponding to the two successive transmitted symbol intervals in one space-time coding block, can be expressed as  
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where S1 and S2 are the transmitted data symbols, h1 and h2 are propagation channel coefficients from each transmit antenna to the receive antenna, and n1 and n2 are the noise samples. 

The first stage of the ASTTD receiver consists of an ordinary STTD decoder, which produces the estimates s1 and s2 of the transmitted data symbols according to the maximum ratio combining principle, i.e.
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(2)

The second stage of the ASTTD receiver is the cross-interference conversion stage, which perform the following operations
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(3)

where
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5.7.2. Eigen-STTD
The eigen-STTD is characterized by having the weight coefficients w1 and w2 in Fig.1 defined as the elements of the principal eigenvector corresponding to maximum eigenvalue of channel covariance matrix 
[image: image19.wmf]R

. Such weight functions maximize the received signal to noise ratio at receiver front end. The weight vector can be computed as,
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The feedback information can be generated in a following manner. The amplitude value for antenna 2, 
[image: image25.wmf]b

, and phase difference between antenna 1 and antenna 2, 
[image: image26.wmf]f

, is quantized with n and m bits respectively. The amplitude value for antenna 1, 
[image: image27.wmf]a

, can be determined automatically since the weight vector is normalized. Then, the weight vector, w, is 
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. The feedback signalling can be determined by finding the index, 
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[image: image31.wmf]w

, that maximizes following function
                             
[image: image32.wmf]H

ii

i

PwRw

=

 (
[image: image33.wmf]()

12

nm

i

+

££

)  .                       (7)

For example, in case of n=2 and m=3, 5 bits feedback signalling can be found in Tables 1 and 2 and frame format for the feedback signalling assuming 10ms frame structure is described in Table 3. Note that the feedback signalling could be generated also with the procedures of the closed loop modes in [6].  

Table 1. Feedback signalling for amplitude value

	Feedback signalling for amplitude value
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Table 2. Feedback signalling for phase value

	Feedback signalling for phase value
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Table 3. Multiplexing of feedback information with amplitude value / phase value

	Slot #
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Amplitude value


	1
	1
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1
	0
	0
	0

	Phase value
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1


Figure 5 depicts a preferred receiver structure for eigen-STTD. The first stage is a modified STTD decoder, where the input signal samples r1 and r2 are multiplied with weight values (instead with channel coefficients as in (2)). The operation of modified STTD decoder can be described mathematically as
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(8)

The second stage in eigen-STTD receiver is the cross-interference conversion stage, performing the same kind of processing as in (3), but the coefficients A and B are replaced by A(eigen) and B(eigen) as
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Fig.5. Receiver structure for Eigen-STTD.
-------------------------------END of the PART 2 of the TEXT -----------------------------------------
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