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Abstract 

We investigate training schemes that are used for block fading multi-antenna channels. 

The Generalized Mutual Information is used as a criterion for optimizing the training se­

quence and information symbol structure. We give new results concerning the training 

sequences and optimal antenna usage for the block fading channel. We show that the num­

ber of antennas which should be used for training and information sequences depends on the 

SNR and the energy allotted for training. We also show that an optimal training scheme is 

one where a "pilot" is sent through each of the antennas, one antenna at a time. 
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Clearly, the scaling factor, K, is also constant and has the same value for all blocks. The 

estimation error depends on the choice of the training sequence and therefore, the value of 

the scaling factor is determined by the choice of the training sequence and matrix Q.

III. OPTIMAL TRAINING SEQUENCES

In the work by Hassibi and Hochwald [4], the transmit power was assumed to be equally 

distributed between the transmit antennas such that, Q = T.{4 ft. This power distribution 

was shown to be optimal [10] for a channel model similar to the one here but where the 

receiver has perfect channel state information (i.e. there is no estimation error). However, 

when the channel estimation is no longer perfect, the transmit power distribution used in [4] 

is no longer optimal. 

In our investigation we will show that the choices of the optimal training sequence 

and structure of the input signal covariance matrix, Q, depend on the SNR. More to the 

point, we will show that the number of useful antennas depends ( amongst other things) on 

the SNR. This indicates that knowledge of the SNR at the transmitter is crucial for good 

communications as it is in any _communication system, otherwise the transmitter can not 

know at what rate to transmit. Actual implications of SNR on the structure of the optimal 

training sequence will also be discussed for specific cases. 

An important feature of the fading matrix, in our channel model, is its isotropic distri­

bution. The distribution of the fading is invariant to any right or left multiplication by a 

unitary matrix. This attribute is a result of the Gaussian distribution and independence of 

the elements of the fading matrix [10]. Consequently, the derivation here will be specific to 

this problem and does not directly apply to the selective fading problem [1], [9]. 

Before stating a theorem on the optimal achievable rate, we shall rewrite XT and Q as 
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calculated in [4], [13]. Zheng and Tse [13], [12] showed that at high SNR's, this scheme 

comes within a constant of the non-coherent channel capacity. 

By choosing the unitary matrices Ur and UQ to be the identity matrix, ft, it is clear from 

corollary 1 and 2 that for both cases the information sequence power is equally distributed 

between all useful ( a single antenna for the low training energy case and min { t, nT } antennas 

for high training power case) transmit antennas. The same distribution of transmit power 

is assumed in [4). Therefore, the results for the optimal allocation of power and duration of 

the training and information sequences in [4] are also applicable to the above two cases. 

Last, at very low SNR's we expect the training energy to be low as well and as a 

result, the optimal training scheme will effectively use only a single transmit antenna. This 

resembles the result in (13], [12) which states that at low SNRs, the non-coherent channel 

capacity is achieved using only a single transmit antenna. Furthermore, we can conclude 

from expression (20) that at very low SNRs , the achievable rate is proportional to AQATAt. 

Since both AQ and ATAt are proportional to the SNR, we can see that the achievable rate 

is proportional to the square of the SNR at very low SNRs. This result was also shown 

in [4] and indicates that our communication system performs much worse than the channel 

capacity at low SNRs [7]. 

C. Maximum training duration

In (4] the authors show that if the powers of the training sequence, Pn and the informa­

tion sequence, Pd, are allowed to differ (i.e. PT -=I- Pd), then the optimal choice of the training 

duration is nT = t. However, their results are applicable to the achievable rate, IcMI , only 

when ATA; and AQ are a scalar multiple of ft. We will now state a corollary regarding the 

optimal training duration for a general choice of Q and XT. 

Corollary 3: If the powers of the training sequence, PT , and the information sequence, 
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Fig. 1. Training scheme. The fading coherence period is T. Part of the coherence interval (Tr) is used to 
send a training sequence while the rest of the block (Td) is used for transmitting information sequences. 
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Fig. 2. Achievable rate, IcMI , as a function of rr'ft�sP for 1, 4 and 8 transmit antennas and 8 receive 
antennas. The coherence interval is nr = 40 symbols long and the number of symbols used during training 
is equal to the number of transmit antennas, nr = t. The training scheme is suboptimal and therefore, the 
curves cross. 
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