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Abstract 

The main objective is to obtain low and fixed complexity for orthogonal frequency division multiplexing system. 
For that Space frequency Block Coding is used in which the space and frequency diversities are combined together 
in order to fully exploit the multiple-input multiple-output (MIMO) channel capacity. Full-rate full-diversity (FRFD) 
space-time codes (STC) such as the Golden code are studied for that purpose. However, despite their larger 
achievable capacity, most of them present high complexity for soft detection, which hinders their combination with 
soft-input decoders in bit-interleaved coded modulation (BICM) schemes. This article presents a new low 
complexity soft detection algorithm for the reception of FRFD space-frequency block codes in BICM orthogonal 
frequency division multiplexing (OFDM) systems. The proposed detector maintains a reduced and fixed complexity, 
avoiding the variable nature of the list sphere decoder (LSD) due to its dependence on the noise and channel 
conditions. We can implement this detection process in Orthogonal Frequency Division Multiple Accessing system 
and can achieve a better bit error performance. 

 

Keywords – Low Density Parity Check coding( LDPC),Space Frequency Block coding(SFBC), MAP detection, MIMO 
systems, Orthogonal Frequency Division Multiple Access (OFDMA),LFSD. 

 

1. Introduction 

Orthogonal frequency division multiplexing is a technique for broadcasting high rate digital signals such as 
High Definition Television (HDTV) signals. In OFDM system, a single high rate data stream is divided into several 
low rate parallel sub streams, with each sub stream is being used to modulate a respective subcarrier frequency. 
SPACE-TIME coding is one of the main methods in order to exploit the capacity of multiple-input multiple-output 
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(MIMO) channels. Since STC techniques use both time and spatial domains for coding data symbols, diversity and 
spatial multiplexing can be combined achieving robustness at the receiver with a higher data rate transmission. As a 
result, STC techniques have been incorporated in many of the last-generation wireless communications systems. If 
STC is joined to multi-carrier modulation, such as orthogonal frequency-division multiplexing (OFDM), space 
frequency block coding (SFBC) can be performed. This way, codewords are fed into adjacent carriers of the two 
consecutive OFDM symbols, translated to the time domain and transmitted through several transmit antennas. This 
transmission scheme is usually combined with bit-interleaved coded modulation (BICM) giving good diversity 
results in a wireless communication link.  

2. Existing system 

STC techniques use both time and spatial domains for coding data symbols, diversity and spatial 
multiplexing can be combined achieving robustness at the receiver with a higher data rate transmission. The main 
drawback of full-rate codes arises from their very high decoding complexity, which grows exponentially with the 
number of transmitted symbols per codeword. In order to reduce the complexity of the detection process, hard 
detection techniques such as sphere decoding (SD) or low complexity STC designs can be used. 

 

3. System model 

 The main objective is to combine diversity and spatial multiplexing in order to fully exploit the multiple-
input multiple-output (MIMO) channel capacity. Full-rate full-diversity (FRFD) space-time codes (STC) such as the 
Golden code are studied for that purpose. However, despite their larger achievable capacity, most of them present 
high complexity for soft detection, which hinders their combination with soft-input decoders in bit-interleaved coded 
modulation (BICM) schemes. This article presents a novel low complexity soft detection algorithm for the reception 
of FRFD space-frequency block codes in BICM orthogonal frequency division multiplexing (OFDM) systems. The 
proposed detector maintains a reduced and fixed complexity, avoiding the variable nature of the list sphere decoder 

(LSD) due to its dependence on the noise and channel conditions.  

 The basic structure of the LDPC-coded BICM-OFDM system is depicted in Fig. 1. As can be seen, the bit 
stream is coded, interleaved and mapped onto a complex constellation. Next, a vector of Q symbols s is coded into 
space and frequency forming the codeword X, which is transformed into the time domain by an inverse fast Fourier 
transform (IFFT) block and transmitted after the addition of a cyclic prefix. 

 

Fig.1 LDPC based SFBC MIMO transmission and reception scheme. 
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At the receiver side, the prefix is removed, a fast Fourier transform (FFT) is carried out and the resulting 
signal Y of dimensions N × T can be represented mathematically as  

Y=HX+Z             (1)  

where H denotes the N ×M complex channel matrix, X is any M×T codeword matrix composed by a linear 
combination of Q data symbols and Z represents the N × T zero-mean  Additive White Gaussian noise (AWGN) 
matrix whose complex coefficients fulfil CN( 0, 2σ2 ) , being σ2 the noise variance per real component. The 
codeword X will provide full rate when Q = MT, being T the frequency depth of the codeword. 

 By taking the elements column-wise from matrices X, Y and Z, equation (1) can be vectored as  

y = H Gs + z,                     (2) 

where y, s and z are column vectors. The matrix H is the 

equivalent NT ×MT MIMO channel written as 

where we have a block diagonal of channel realizations Hc 

at the carriers c = 1, . . . , T . 

 

H =    H1    0    …    0 

0 H2 ….     0 
           .       .     … .   . 

           .        .    …… 

           0      0          HT 

                                                                  (3) 

 

3.1 SFBC – OFDM 

Wireless broadband systems offer different sources of diversity, which can be properly exploited by a proper 
coding and transmission scheme. Multiple antennas and space time codes can be used to obtain spatial diversity. A 
forward error correction code (FEC) decoder with interleaving can be used to pick up temporal diversity. Frequency 
diversity can be utilized by an equalizer or by an FEC decoder in an OFDM system. 

The maximum diversity can be realized using space time block codes proposed by Alamonti which provide a 
simple transmit diversity scheme in a flat fading MIMO channel. In this thesis a simple decoder is applied at the 
receiver to decode the symbols transmitted simultaneously from different antennas. OFDM converts wide band of 
frequency into multiple narrow bands which almost have flat frequency. So we can use MIMO with OFDM to 
transmit data in wide band frequencies achieving high efficiency and low bit error rate. 

A cyclic guard interval is inserted at each antenna in OFDM thus providing flat fading channel for each sub 
carrier. Therefore space time block codes can be used in conjunction with OFDM. However in the frequency 
selective broad band channels ,as the broad band channel is divided in to orthogonal narrow band channels, the 
symbol duration is increased significantly as compared to that of the single carrier of the same total band width.  
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The use of space frequency block code is beneficial because code is transmitted here on neighboring 
subcarriers. Space frequency block codes has the better performance compared to space time block coding in highly 
varying environment, that is  where the channel varies too quickly  .In slow varying channels the performance of 
space frequency as well as space time block codes are same. These two block coding techniques can be used with 
OFDM to achieve higher signal to noise ratio. 

3.2 Soft detection of SFBC 

 Maximum A Posteriori (MAP) detection is used for finding the soft information required for the LDPC decoder, 
which consist of evaluating the LLR of the a posterior probabilities of bit bk taking its two possible values as 

  LD(bk)  =ln(Pr(bk=+1/y)/ Pr(bk=-1/y))  

Where k = {0,1,…,MTlog2P-1}. 

By applying Baye’s rule the a posteriori information can be written as 

LD(bk/y)  =  LA(bk) + LE(bk/y) 

where  LA(bk) denote a priori and LD(bk/y) denote extrinsic information. 

The extrinsic information can be written  using Max log approximation as 

 LE(bk/y)   ~ (1/2b)  max{-1/σ2ǁy-HGsǁ2} 

      (-1/2b)max{-1/σ2ǁy-HGsǁ2}           (4) 

Where bk is a member of BK,±1 which in turn represents the sets of 2MTlog
2
p-1bit vectors b having bk = ±1. 

The main difficulty in calculation of (4) arises from the computation of the matrices ǁy-HGsǁ2. Since a 
calculation of PQ metrics is necessary for a FRFD SFBC, being P the modulation order. This becomes unfeasible for 
high modulation orders unless the calculation of (4) can be reduced. As a result, a good approximation based on a 
candidate list L is proposed in order to reduce the calculation of LE in (4). The list includes 1 ≤ Ncand < PQ vectors 
s with the smallest metrics and the number of candidates Ncand must be defined sufficiently large in such a way that 
it contains the maximize of (4) with high probability. Hence, (4) can be approximated as 

LE(bk/y)   ~ (1/2b)  max{-1/σ2ǁy-HGsǁ2} 

    (-1/2b)max{-1/σ2ǁy-HGsǁ2}           (5) 

Where b is a member of Lᴒ BK,±1. 

 

4. Fixed complexity detection. 

The design of efficient detection algorithms is one of the greatest challenges when implementing full-rate 
SFBC. Given the high complexity of performing an exhaustive search, special focus has been drawn into 
developing lower complexity detection algorithms that yield a close-to-ML performance. The LSD is one of the 
most remarkable approach but its complexity order is bounded by O(PQ) in the same way as the SD . Even though 
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the list of candidates corresponds to the set L of the smallest metrics, the complexity of performing such a selection 
may be considerably high for low signal-to noise ratio (SNR) scenarios. Furthermore, an unsuitable choice of the 
initial radius may lead to a shortage in candidate points. 

 In order to limit the complexity and to facilitate the computation of soft detected symbols, an algorithm 
was proposed for spatial multiplexing schemes, coined list fixed complexity sphere decoder (LFSD). The main 
feature of the LFSD is that, instead of constraining the search to those nodes whose accumulated Euclidean 
distances are within a certain radius from the received signal, the search is performed in an unconstrained fashion. 
The tree search is defined instead by a tree configuration vector n = [n1, . . . , nMT], which determines the number 
of child nodes (ni) to be considered at each level. Therefore, the tree is traversed level by level regardless of the 
sphere constraints. Once the bottom of the tree is reached, the detector retrieves a list of Ncand candidate symbol 
vectors. It is worth noting that the set G composed of the Ncand selected symbol vectors may not correspond to the 
vectors of the set L with the smallest metrics given by the LSD, but provides sufficiently small metrics and diversity 
of bit values to obtain accurate soft information. A representation of an LFSD tree search is depicted in Figure 2 for 
a QPSK modulation and a tree configuration vector of n = [1, 1, 2, 4]. Fixed-complexity tree-search style. 

 

 

Fig. 2 Fixed complexity tree search of a QPSK modulated signal using a tree configuration vector of n = [1 1 2 4]. 

 

4.1 Soft Output LFSD algorithm 
 

The ni symbols to be evaluated at each level i are chosen in accordance with the Schnorr-Euchner enumeration, 
being their corresponding partial Euclidean distances di computed and accumulated to the previous level’s AED, 
that is, Di+1. Once the bottom of the tree has been reached, a sorting operation is performed on the nT = Π niwhere i 
= 1…MT Euclidean distances in order to select the Ncand symbol vectors with the smallest metrics. This latter 
sorting procedure can be avoided if the tree configuration vector n is chosen so as to yield nT = Ncand. In such a 
case, the complexity of the algorithm is reduced at the expense of a degradation in the quality of soft information as 
the selected metrics are higher in value. 

4.2 Ordering Algorithm 

The performance of the LFSD soft-detector in encoded scenarios is strongly dependent on the ordering 
algorithm of the channel matrix and the choice of the tree configuration vector. The ordering algorithm proposed to 
enhance the performance of the LFSD and FSD detectors was based on the fact that it was possible to mitigate the 
error propagation derived from ruling out several tree branches by ordering the several columns of the channel 
matrix according to their quality. More precisely, the FSD ordering scheme dictates that the sub channel with the 
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worst norm needs to be processed first, since all the constellation symbols are evaluated at the first level, and 
therefore, there is no error propagation to the remainder levels. However, in the specific case of space frequency- 
coded systems, the effect of the ordering algorithm on the overall performance relies on the type of code utilized. In 
order to verify this assumption, two 2 × 2 FRFD SFBC codes have been assessed. 

4.2.1 Golden code 

For the Golden code, the data symbol vector s is transformed into the transmitted code word as follows: 

  

Xg = 1/√5 α(s1 + θs3)     α(s2 + θs4) 

                                iα(s2 + θs4)    α(s1 + θs3)  

 

Where θ =(1+√5)/2 a golden number and α =1+i+i.θ. 

 The fact that Golden code does not equally disperse the symbol energy in all spatial and temporal 
directions, enervates an unbalanced structure of the transmitted symbols since the norms of the code weights are not 
equal. That is one of the symbols in each transmitted pair (s1, s3) and (s2, s4) always has a higher power than the 
other. This unbalanced structure allows for the implementation of a new ordering procedure in order to improve the 
overall system’s performance.  

4.2.2 The SS code 

This 2 × 2 SFBC scheme was designed to enable optimum detection with lower complexity than the 
Golden code. The low-complexity detection property of multistate codes such as the SS code, was analyzed where it 
was proven that optimum output was obtained with two symbol-by-symbol detection stages of complexity P and a 
ML detection of complexity O(P2). The main difference between the SS and the silver codes is the larger coding 
gain of the latter. The SS code is the combination of two Alamouti schemes whose codeword can be written as  

 

Xss =      as1+bs3        as2+bs4 

                             -cs2*-ds4*    cs1*+ds3* 

 

Where a = c = 1/√2,b = (1-√7 +i(1+√7))/4√2 and d = -ib 

When considering the equivalent channel , it is worth  noting that the equivalent sub channels for the 
symbol pairs(s1, s3) and (s2, s4) have very similar norms. This is due to two main factors. On one hand, both symbol 
pairs undergo almost the same channel conditions as they are assigned to adjacent carriers (H1 ≈ H2 in quasi-static 
fading channels). On the other hand, the code weights a, b, c and d imposed by the SS code fulfill a power constraint 
for linear dispersion codes , which forces the symbols to be dispersed with equal energy in all spatial and temporal 
directions, i.e. |a| = |b| = |c| = |d| = 1/ √ 2. The consequence of employing such a code is that the difference of the 
norms of the equivalent sub channels is negligible and, therefore, performing a matrix ordering stage does not 
provide any remarkable performance enhancement. 
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5. Simulation results 

 The performance of the overall system has been assessed by means of the bit error rate (BER) after the 
LDPC decoder. The DVB-T2 parameters used in the simulations are: 20000 bits of length of the LDPC block, R = 
2/3 of LDPC code rate, 16- QAM modulation, 2048 carriers as FFT size and 1/4 of guard interval. The simulations 
have been carried out over a Rayleigh channel commonly used as the simulation environment for terrestrial digital 
television systems. Perfect CSI has been considered at the receiver. 

5.1 Candidate choice 
 

When working with the ML metrics of LSD, i.e. the list L, the higher the number of candidates is, the more 
accurate the LE approximation is. Nevertheless, when considering the G list of LFSD, the optimum value for Ncand 
will depend on the tree configuration vector n. Thus, the higher the value of nT , the better the approximation is. In 
order to choose a suitable number of candidates for the detection algorithm a threshold value is set up for the 
candidates according to their likelihood ratio values. The likelihood ratio value which is situated above the threshold 
limit will be taken for decoding process. This is plotted in fig.6 

  The analyzed tree search configuration vectors n have been obtained by setting k = 1, 2, 3, which is 
equivalent to calculating nT = P2, 4P2, 9P2 Euclidean distances, respectively. On one hand, one can observe that the 
list ML approximation converges for Ncand > 30. This involves that computing a very large number of candidates is 
not necessary in order to obtain a good LE approximation of the proposed non-iterative scheme in Fig. 1. However, 
we should take into account that the exact computation of (4) provides a higher performance enhancement compared 
to applying the list ML approximation of (5) when iterative configurations are used .On the other hand, a similar 
behavior for the fixed-complexity detector can be noticed, where the higher the value of k, the better the 
performance we obtain. Furthermore, it is noticeable that the ordering algorithm provides a performance 
enhancement such that the k = 2 LFSD approximates the BER values for the exhaustive MAP detector. Note that the 
BER degrades for a higher number of candidates with the tree search configuration k = 1. This is due to the fact that 
if we choose a large Ncand value from nT = P2 Euclidean distances, the probability of achieving the smallest or 
close to the smallest metrics is reduced. For k > 1, this effect is mitigated. 

5.2 Performance comparison over DVB-T2 BICM 
 

This section presents the performance assessment of the proposed list fixed-complexity soft detector over a 
SFBC DVB-T2 broadcasting scenario. The number of candidates considered for this study is Ncand = 30. Fig.7 
shows BER curves versus SNR for different configurations of the  proposed algorithm in the detection of Golden 
and SS codes. For the Golden code, it is noteworthy that the ordering algorithm provides a gain of 0.4 and 0.25 dB 
compared to the no ordering case for nT = P2 and nT = 4P2, respectively. However, as previously stated, the ordering 
algorithm does not provide any performance gain with the SS code, negligible the enhancement provided by the 
ordering procedure. 

 The BER performances of the proposed algorithm, the LFSD of  and the LSD solution are depicted in Fig. 
8 for Ncand = 30. One can observe that the proposed fixed complexity detection algorithm achieves a similar 
performance result as the LSD with a substantial reduction in the detection complexity. Moreover, the new ordering 
design and the proposed tree search configuration vector n outperform the LFSD solution of  in about 0.7 and 1 dB 
for Golden and SS codes, respectively. If we observe the behavior of the proposed fixed-complexity algorithm for 
the SS code, we can see that it obtains the same BER performance as the algorithm proposed in , which has a 
complexity of O(P3) , with complexity P2. For the Golden code, if the fixed-complexity tree of P2 branches is 
considered, the performance is 0.4 dB worse than the LSD with complexity O(P4) . However, if the complexity is 
increased to 4P2, the performance difference is negligible.  
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Fig. 3 Output plot of LDPC encoder 

This graph shows the equivalent decimal values corresponding to the LDPC matrix value. This serves as 
the input for the system. Each row of this matrix will be taken as individual channels and the signals through these 
channel are 49 modulated using different carrier frequencies and after SFBC it will be transmitted through the 
antennas. 

 

Fi  

Fig.4 Plot of symbol error probability of transmitted signal for a particular range SNR 

 

Fig.5. Plot of bit error probability of transmitted signal for a particular range 

The above two graphs shows the symbol and bit error probability of transmitted signal for the SNR values 
in between 3dB and 4dB.From the graph it can be seen that the bit error probability value is changing very less 
going from 3 to 4dB.  
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Fig.6 Plot of selection of candidates based on threshold value 

 

Fig 7 BER performance comparison of LFSD detection with and without ordering based. 

The graph shows BER curves versus SNR for different configurations of the proposed algorithm in the 
detection of Golden and SS codes. For the Golden code, it is noteworthy that the ordering algorithm provides a gain 
of 0.4 dB compared to the non-ordering case for nT = P2. However, as previously stated, the ordering algorithm 
does not provide any performance gain with the SS code. 

 

Fig.8 BER performance comparison of FRFD SFBC codes detection with LSD , LFSD and the proposed ordered 
LFSD  
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The BER performances of the proposed algorithm, the LFSD and the LSD solution are depicted in Fig. 4.6 
for Ncand = 30. One can observe that the proposed fixed complexity detection algorithm achieves a similar 

performance result as the LSD with a substantial reduction in the detection complexity.  

6. Future work 

 In my future work this detection procedure will apply with an OFDMA system and will study the bit error 
performance of the system. Also this proposed detection procedure will compare with existing system for finding the 
merits and demerits of the proposed one.  

7. Conclusion 

 Many of existing designs can provide high performance. But with the increase in the size of received signal 
detection complexity will vary in this project a new low complexity detection scheme is proposed. Here the space 
frequency block coding is used instead of space time block coding. List fixed complexity sphere decoding is used to 
reduce the complexity. For studying about this reduced complexity SS code and Golden Code are used. The list 
fixed complexity detector with a an ordering algorithm is proposed in this project with the aim of approaching the 
performance of the LSD at much lower complexity. The complexity order can be reduced from O(p4) to p2 for 
golden codes and O(p3) to p2 for SS Code. The simulation result shows that a close to optimal detection can be 
achieved considering a reduced number of candidates. The performance is clearly improved when the proposed 
channel and the candidate ordering algorithm is applied with golden codes, though its effects are negligible for SS 
codes. In any case the proposed detection algorithm can enable the realistic implementation and the inclusion of ant 
FRFD SFBC code in any BICM OFDM system. In the future work this low complexity detection algorithm will be 
applied on OFDMA system and will find out the BER performance of a system with respect to existing system. 
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