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Abstract— In this paper, the problem of estimation 

of fast time-varying radio channels is considered. A 

new algorithm, Iterative Channel Estimation is 

presented. This algorithm is designed for radio 

channel estimation in multiple-input multiple-

output systems with space-time block coding. The 

channel transfer matrix is estimated on the basis of 

a previously decoded data, so it can be performed 

simultaneously with the data transmission. The 

estimation process is a simple operation, just a 

multiplication of two matrices. As a result, bit error 

rate is reduced. The algorithm is compared to the 

differential space-time block codes and verified by 

Monte-Carlo simulations.  

 

 

I.   INTRODUCTION 

Multiple-input multiple-output (MIMO) systems 

appear to be a very promising solution for high bit rate 

wireless transmission [1], [2]. In MIMO ),( mn  system 

with n transmit and m receive antennas, additional radio 

equipment is used to increase the throughput of the 

system or reduce bit error rate (BER) without 

expanding the frequency bandwidth. To decode signals 

in such a system, the receiver should have the 

knowledge about radio channel. It means that the whole 

channel transfer matrix H, i.e. channel transfer 

functions between each transmit antenna and each 

receive antenna, should be estimated. Usually, it is 

performed by sending training sequence, i.e. known 

symbols, from the transmitter to the receiver. One of 

the most popular coding technique for MIMO systems 

are space-time block codes (STBC) [3], [4]. They offer 

BER reduction with very simple decoding at the 

receiver, but no additional throughput.  

MIMO systems can be efficiently combined with 

orthogonal frequency division multiplexing (OFDM) 

technique. In OFDM system, the whole frequency band 

is divided into large number of narrow sub-bands. In 

each sub-band, the transmission is performed 

independently, using a different carrier frequency. As a 

result, negative effects related to broadband wireless 

transmission, e.g. inter-symbol interference and fast 

fading, are suppressed.  

It is widely expected that MIMO systems will be 

applied in a new generation of mobile communication 

networks. In such networks, the radio channel is 

changing quickly because of the movement of a mobile 

receiver. Thus, one of the key issues of MIMO systems 

in mobile communication is a proper and frequently 

updated channel estimation. When the channel is 

estimated rarely, the channel information is not accurate 

and the transmitted symbols are decoded with errors. 

On the other hand, the frequent channel estimation 

leaves less time for a data transmission.  

In this paper, the problem of estimation of fast 

time-varying radio channels is considered. The new 

algorithm called Iterative Channel Estimation (ICE) is 

presented. ICE allows estimation of the channel transfer 

matrix simultaneously with the transmission of data 

symbols. So, the channel can be estimated very often 

without wasting time for training sequences. This 

algorithm is designed for STBC, mainly.  

In the further parts of this paper, the following 

notations are kept: { }   E  denotes the expected value,  

* – conjugate,  
T
 – transpose and  

H
 – conjugate and 

transpose operation. The time period needed to the 

transmission of one symbol is τ  and the average 

signal-to-noise ratio at receive antennas is denoted as 

SNR. 

The rest of this paper is organized as follows. The 

issues of radio channel estimation and the model of the 

channel with variations are discussed in Section II. In 

Section III, few important aspects of space-time block 

codes are reviewed. A new algorithm of channel 

estimation is introduced in Section IV. This algorithm 

is verified by Monte-Carlo simulations and compared 

with differential coding scheme in Section V. Finally, 

in Section VI, some conclusions are given.  

 

II.   MIMO CHANNEL ESTIMATION IN TIME-VARYING 

RADIO CHANNELS 

In MIMO systems, the channel transfer matrix H is 

usually required to be known at the receiver. To 

calculate H, the training sequence is transmitted from 

the transmitter to the receiver.  

The crucial question is: how often the channel 

transfer matrix should be estimated? The very common 

assumption is that the radio channel is quasi-stationary 

[1], [5]. It means that the matrix H is invariant during 

τ⋅T . It means also that the matrix H should be 

estimated once per τ⋅T . Assuming that the length of 

training sequence is t, there is τ⋅− )( tT  of time for data 

transmission. The faster the time-variations in the radio 

channel, the shorter the time for data transmission 

becomes.  

If the power of training symbols can be different 

than the power of data symbols, the optimal length of 

training sequence (in symbols) is equal to the number 

of transmit antennas [5]. If these two power levels are 

required to be equal, the optimal length of training 



sequence may be larger than the number of the transmit 

antennas. Larger number of transmit antennas implies 

the need of longer training sequences. It was shown [5] 

that a large number of transmit antennas can be sub-

optimal for this reason.  

However, in mobile communication systems, the 

radio channel is not quasi-stationary. The small 

variations of the radio channel occur during each time 

period τ . These variations can be modelled by a 

correlation coefficient between channel transfer 

functions in two subsequent time periods. The smaller 

the correlation, the more dynamic radio channel and the 

more rapid variations are. According to the Jakes' 

model [6], the appropriate correlation coefficient C can 

be associated with the velocity of the mobile terminal: 
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where ( )0J  is zero-order Bessel function of the first 

kind, f  is the carrier frequency, v  is the velocity of 

the terminal and c  is the speed of light. Hence, the 

larger the velocity of the terminal and the time duration 

of each symbol, the greater the pace of the channel 

variation is. It is particularly significant in a 

narrowband channel or in OFDM systems, where the 

time τ  can be quite significant.   

In this paper, a single carrier of MIMO-OFDM 

system is considered and the radio channel is assumed 

to be frequency-flat and Rayleigh fading. Thus, the 

channel transfer function ϕ
eAh ⋅=  can be modelled as 

zero-mean unit-variance circularly symmetric complex 

joint Gaussian random variable. 

In a non-stationary Rayleigh fading radio channel, 

the channel transfer function changes during the 

transmission. In this paper, it is modelled by the 

correlation coefficient C between the channel transfer 

function ih  and 1+ih  in each two subsequent time 

periods iτ  and 1+iτ . As ih  is zero-mean unit-variance 

circularly symmetric complex joint Gaussian random 

variable, 1+ih  can be calculated by a simple formula:  

1
2

1 1 ++ ⋅−+⋅= iii gChCh ,  (2) 

where 1+ig  is auxiliary zero-mean unit-variance 

circularly symmetric complex joint Gaussian random 

variable independent of ih . As a result, 1+ih  is zero-

mean unit-variance circularly symmetric complex joint 

Gaussian random variable, also. The correlation of ih  

and 1+ih  is equal to C:  
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In the case of MIMO ),( mn  system, variations in each 

of the nm ×  sub-channels must be taken into account. 

Thus, each sub-channel is modelled as independent 

frequency-flat and Rayleigh fading channel. The 

correlation coefficient C is assumed to the equal for all 

the sub-channels.  

If the radio channel is non-stationary, it is 

impossible to assume that the channel is invariant 

during τ⋅T . So, the optimal length of training 

sequence is probably different than suggested in [5]. It 

is investigated in the further parts of this paper.  

 

III.   SPACE-TIME BLOCK CODES 

The channel estimation algorithm which will be 

presented in the next chapter, is designed for space-time 

block codes. STBC are very popular technique for 

MIMO systems, as they enable very simple and linear 

data encoding and decoding. They do not improve the 

spectral efficiency, but provide maximal possible 

diversity order of mn ⋅ .  

The STBC scheme for two transmit antennas and m 

receive antennas was presented for the first time by S. 

Alamouti [3]. The encoding scheme can be expressed 

as a matrix: 
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where in each column p there are symbols transmitted 

in a period pτ  and in each row n there are symbols 

transmitted from n transmit antenna. These four 

symbols form the block of data. During two time 

periods, two data symbols are transmitted, so the 

spectral efficiency is not improved. It should be noted, 

that there are two orthogonal transmit vectors: 
Txxv ),( 211 =  and Txxv ),( 122

∗∗−=  in this scheme. 

The transmit vectors in all STBC schemes are 

orthogonal [4].  

 

IV.   ITERATIVE CHANNEL ESTIMATION ALGORITHM 

In the most of modern wireless systems, especially 

in mobile cellular networks, the whole transmission is 

divided in two parts: a training sequence and a data 

transmission. The training sequence consists of symbols 

which are known at the receiver. On this basis, the 

channel transfer matrix estH  can be estimated. Next, 

the symbols are decoded with the assumption that estH  

is still a good approximation of the actual channel 

transfer matrix H . However, when the radio channel is 

non-stationary, the difference between estH  and H  is 

growing during the transmission. This is the obvious 

reason for a large BER. Of course, it is possible to 

transmit training sequence more often, but the effective 

data transmission rate decreases, as a result.  

The solution of this dilemma could be differential 

coding, where a data information is encoded as a 

difference between the phases of two subsequent 

symbols. In this case, no training sequence is needed, 

except of the first reference symbol. Differential codes 

were also proposed for MIMO systems with STBC [7]. 

However, there is a severe disadvantage of this 

technique: the data information is encoded and decoded 

on the basis of the last data block, only. Thus, 



especially when in the low SNR regime, this technique 

is prone to errors. It was proved that even in stationary 

radio channel, the bit error rate performance of 

differential STBC was 3 dB worse than standard STBC 

with the channel known at the receiver.  

In this paper, a new solution is proposed, called 

Iterative Channel Estimation (ICE). By this algorithm, 

the radio channel transfer matrix is estimated using 

previously transmitted and decoded data blocks. What's 

more, the matrix H  can be estimated on the basis of  

large number of previously transmitted data blocks, so 

the influence of radio noise can be significantly 

diminished.  

The general concept of ICE is rather 

straightforward: the previously decoded data symbols 

can be treated as training sequence, so the radio channel 

can be re-estimated after a decoding of each data 

symbol. It is a kind of channel tracking algorithm. 

However, this problem is more difficult in MIMO 

systems, where the radio channel consists of nm ×  sub-

channels. In the general case, the abovementioned 

algorithm cannot be applied. In this paper, it is shown 

that this solution can be effectively used in MIMO 

systems with STBC coding.  

In MIMO ),( mn  system with STBC, the 

transmission of a single block can be described as: 

NXHY +⋅= ,     (5) 

where the elements of the pn×  matrix X  represent 

the transmitted symbols from space-time block coding 

scheme, H  is the nm ×  channel transfer matrix, N  is 

the pm ×  matrix of additive white Gaussian noise, Y  

is the pm ×  matrix of received signals and p  is the 

number of vectors with data symbols transmitted in 

each block.  

When the data symbols in the matrix X  have been 

decoded, the received signals can be multiplied by the 

matrix H
X . The result is:  

HHH
XNXXHXY ⋅+⋅⋅=⋅ .     (6) 

Concerning STBC, the following statement was proven 

[4]:   
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where ix  is the th−i symbol from k  different ones 

transmitted in a single block. nI  is the nn ×  identity 

matrix and A  is the constant which is equal to the sum 

of the powers of all transmitted symbols. After 

substitution of (7) into (6): 
HH

A XNHXY ⋅+⋅=⋅ .  (8) 

So, the multiplication of the matrix of the received 

signals and the matrix of the estimated transmitted 

signals (transpose and conjugate) gives the channel 

transfer matrix H  disturbed by noise. If all the 

symbols of the constellation have the same power (e.g. 

BPSK, QPSK, but not M-QAM), A  equals to the 

number of symbols transmitted in one block. 

The equations presented above show that it is 

possible to estimate the channel transfer matrix H  

iteratively after decoding of each block with data 

symbols. Moreover, the estimation is a very simple 

process: a multiplication of two matrices.  

It should be stressed that ICE is so straightforward 

algorithm because of the unique features of STBC 

schemes (see Equation (7)). This algorithm is not 

possible in general, for any coding MIMO techniques. 

ICE could be applied to other coding schemes if the 

data were transmitted in blocks of linearly independent 

vectors, but its complexity would be higher.   

It should be also noted that, despite of the fact that 

ICE algorithm is applied, a training sequence is still 

required, although it can be transmitted very rarely. If 

the lengths of training sequence and data are equal to 

T  and D  blocks, respectively, the ratio of T  to D  

should be as small as possible to maximize the system 

capacity. One could propose the ICE algorithm with the 

training sequence at the start and the infinitely long data 

sequence. In this case, the radio channel would be 

estimated on the basis of training sequence at the start. 

After that, ICE could be used and the channel 

estimation would be performed on the basis of decoded 

data blocks till the end of the transmission. However, 

there is serious drawback of such a concept: the effect 

of error propagation can happen. If only data blocks are 

transmitted and some subsequent blocks are decoded 

with errors, the radio channel will be estimated 

incorrectly. In consequence, the next data blocks will be 

also decoded with errors, next channel estimations will 

be wrong and so on and so forth. It can cause the 

collapse of the whole transmission. To avoid this 

danger, the training sequence should be transmitted 

from time to time.  

The whole data transmission process with ICE 

algorithm is as follows. To initiate the transmission, a 

training sequence (T blocks) is sent and estH  is 

estimated. estH  is the average of estimations 

performed on the basis of each of T training blocks. 

Next, the first data block 1B  is transmitted and 

decoded. Then, the channel transfer matrix 
|
estH  is 

estimated on the basis of T last blocks: one decoded 

data block and T–1 training blocks. 
|
estH  is used to 

decode the next data block 2B . After that, 
||
estH  is 

calculated on the basis of decoded blocks 1B  and 2B  

and last T–2 training blocks. 
||
estH  allows decoding 

next data block 3B  and so on. Since TB  data block is 

transmitted, the channel transfer matrix is estimated 

only on the basis of data blocks. After transmitting of D 

data blocks, the new training sequence is sent and the 

whole process restarts. 

Generally, the transmission with ICE algorithm 

consists of two main operations performed one after 

another. The first one is the decoding of a data block 

using the most up-to-date channel transfer matrix 

estH . The second one is the channel estimation on the 



basis of last T blocks. The transmission with ICE 

algorithm is also illustrated in Fig. 1.  

 

Fig. 1. The ICE algorithm consists of channel estimation 

(dashed lines) and data blocks decoding (continuous lines) 

performed in turns.  
 

V.   BIT ERROR RATE PERFORMANCE SIMULATIONS 

Monte-Carlo simulations of bit error rate were 

made to verify the new method of channel estimation. 

A data transmission between a base station (with two 

antennas) and a mobile terminal (also with two 

antennas) was analysed. Alamouti coding scheme with 

maximum-likelihood decoding and BPSK modulation 

were applied. The simulations were performed for a 

single carrier of MIMO-OFDM system with a 

bandwidth of 10 kHz. The carrier frequency was equal 

to 2 GHz. To observe different channel variations, 

different velocities of mobile terminal were considered: 

36, 54 and 108 km/h. The correlation coefficient C was 

accordingly calculated, see Equation (1).  

For all cases of mobile terminal velocities, four 

types of transmission were compared: 

a) standard transmission: the channel transfer matrix is 

estimated on the basis of training sequence only. The 

estimated channel matrix is used to decode all 

subsequent data blocks.  

b) transmission with ICE algorithm: the channel 

transfer matrix is estimated on the basis of training 

sequence. Later, it is re-estimated using ICE algorithm. 

c) transmission with differential STBC: no training 

sequence is needed except of the first transmitted block 

which is a reference block and cannot carry any data.  

d) transmission with the channel transfer matrix 

perfectly known at the receiver: it is a theoretical case, 

not possible in practice. This case is introduced as a 

reference for the three abovementioned ones.  

In the first two cases (the standard transmission 

and the transmission with ICE algorithm), it was 

assumed that the training sequence was transmitted 

during 10 % of the total transmission time. Also, the 

equal power for the transmission of training sequence 

and data blocks was assumed. However, it is not 

obvious how long the training sequence should be. The 

whole transmission could consist of a single block of 

training sequence (T=1) and 9 data blocks (D=9) 

transmitted in turns or 2 training blocks and 18 data 

blocks, etc. To investigate this issue, the simulations 

were performed for the length of training sequence T 

equal to 1, 2, 5, 10 and 20 blocks. The comparison of 

these cases for the transmission with ICE algorithm and 

the mobile terminal speed of 54 km/h is presented in 

Figure 2. The results show that long training sequence 

are advantageous in low SNR regime. It can be easily 

understood: when SNR is low, long training sequence is 

required to estimate the channel transfer matrix 

accurately. On the other hand, when SNR is high, the 

influence of radio noise is reduced, so long training 

sequence is not needed. Moreover, as a result of 

channel variations, the channel transfer matrix 

estimated during long training sequence is not actual. 

These conclusions are also correct for the standard 

transmission without ICE algorithm. 

 

Fig.2. BER performance for the transmission with ICE 

algorithm with the terminal velocity of 54 km/h. 
 

The four abovementioned types of transmissions 

are compared for the terminal speeds of 36, 54 and 108 

km/h in Figures 3, 4 and 5, respectively. In the cases of 

the standard transmission and the transmission with 

ICE algorithm, the best length of training sequence was 

chosen for each value of SNR. 

 

Fig. 3. BER performance for the terminal velocity of 36 km/h. 



 For the terminal speed of 36 km/h (Fig. 3), the 

transmission with ICE algorithm performs 1-2 dB better 

than the standard transmission and the transmission 

with differential STBC within the whole considered 

range of SNR. The transmission with ICE algorithm 

combines the good points of the standard transmission 

and differential STBC. On the one hand it has the 

possibility to use long training sequences, on the other 

hand it updates the channel knowledge very frequently.  

In the case of the terminal with a speed of 54 km/h 

(Fig. 4), the transmission with ICE algorithm 

outperforms the other transmission techniques for low 

SNR regime (below 16 dB). However, when SNR is 

high, the best solution is differential coding. This effect 

is even stronger when the terminal speed is higher (108 

km/h), what is illustrated in Fig. 5. In this case, 

differential coding achieves better results than other 

transmission techniques when SNR is higher than 8 dB. 

It is caused by stronger channel variations: when the 

mobile terminal speed is high, the long training 

sequence is not effective, so the advantage of ICE 

algorithm is lost.  

 

Fig. 4. BER performance for the terminal velocity of 54 km/h. 

 

Fig. 5. BER performance for the terminal velocity  

of 108 km/h. 

VI.   CONCLUSIONS AND FUTURE WORK 

In this paper, the new algorithm of channel 

estimation in MIMO systems with space-time block 

coding was introduced. This algorithm, Iterative 

Channel Estimation, enables to estimate the channel 

transfer matrix simultaneously with the data symbols 

transmission. This estimation is a very simple process: 

just a multiplication of two matrices. The transmission 

with ICE algorithm is very effective in a radio channel 

with moderate variations: it outperforms the standard 

transmission with training sequence and the 

transmission with differential coding. However, when 

channel variations are very fast, e.g. the speed of a 

mobile terminal is very large, the differential STBC 

techniques get better results.   

ICE algorithm could be even more effective, if it 

was combined with some advanced channel estimation 

techniques. Moreover, for MIMO-OFDM systems, the 

dependence between the channel characteristics of 

adjacent carriers could be exploited to estimate the 

channel transfer matrix more accurately and enhance 

the system performance. These issues can be the 

subjects of future work.  
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