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Abstract— Turbo codes are extensively used in wireless communication systems and have been 

adopted as the channel coding scheme for next generation cellular standards. The complexity 

associated with the decoding process is an important issue. In this paper, we propose an adaptive Soft 

Output Viterbi Algorithm (adSOVA) based turbo decoder which is proved to reduce complexity 

without experiencing a degradation in error correction performance. The proposed adSOVA is 

evaluated in a long term evolution (LTE) downlink scenario and compared with the SOVA and the 

Max-Log-MAP algorithms. Simulation results show that a complexity reduction of 40% can be 

achieved with respect to the conventional SOVA with no BLock Error Rate (BLER) degradation. 

I INTRODUCTION 

CHANNEL coding is a crucial part of current wireless and mobile communication systems. Through a good 

error correction method, transmission rates close to channel capacity can be achieved [1]. Due to their high 

error correction capabilities, turbo codes have been chosen as the physical layer coding scheme in new 

cellular standards like Long Term Evolution (LTE) [2]. Classical turbo decoding is an iterative process in 

which two Soft Input Soft Output (SISO) decoders exchange the so called extrinsic information in form of 

Log Likelihood Ratio (LLR). Two well-known SISO algorithms are currently available in the literature: 

the Maximum A Posteriori (MAP) algorithm [3] and the Soft Output Viterbi Algorithm (SOVA) [4], [5]. 

The MAP algorithm and its sub-optimal forms, the Log-MAP and theMax-Log-MAP algorithm [6], provide 

the best performance of the decoding process, but the highest complexity. For that reason the SOVA 

decoder is frequently used in practical implementations of mobile communications systems, where a high 

processing speed is required [7]. 

To reduce the complexity of the SOVA, a truncation of the decoding process [5] is usually performed. This 

truncation can achieve a high complexity reduction, although it also might cause a degradation in its error 

correction capability, especially when high coding rates are used [8]. In standards like 3GPPLTE, different 

Modulation and Coding Schemes (MCSs) are used due to the Link Adaptation (LA) process [9]. As it will 

be shown, truncating the SOVA algorithm can bring important BLock Error Rate (BLER) degradation, 

especially when using less robust MCSs.  

We propose an adaptive SOVA (adSOVA) turbo decoder for 3GPP-LTE receivers which adaptively selects 

the minimum truncation length that fulfills the best error correction performance. Thus, this adSOVA can 

reduce complexity, which is defined in this paper as CPU cycles consumption, while achieving the same 

BLER than the conventional SOVA. 

II. SOVA 

The SOVA [4], [5] builds a Trellis tree [10] of the received sequence y. Transmitting a systematic bit xt = 

0 or xt = 1 causes different transitions from an encoder state s_0 or s_1, respectively, to a state s. Each 

transition is associated with a parity bit zt and an accumulated metric Mt(s_, s), which is obtained as 
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where Lc is the channel reliability; yt,1 is the received systematic bit; yt,2 is the received parity bit; and Lt 

is the a priori reliability obtained through the previous SOVA. The transition with the highest accumulated 

metric produces the decoded bit ut and a branch of the survivor path, while the opposite transition produces 

a branch of the competing path. The rest of branches of these paths are obtained by linking earlier branches 

with higher accumulated metrics. For the branch with the highest accumulated metric, a reliability of the 

last decoded bit of the survivor path is defined as 

 

This reliability and its associated bit of the survivor path are stored. Then an updating process is done as 

follows. Branches of the survivor and competing paths are traced back and, when the binary decision is 

different in both paths at the memory level MEM, the reliability is updated as 

 

Finally, when the updating process is done for all entry bits, soft output values are obtained as 

 

III. MAX-LOG-MAP ALGORITHM 

The MAP algorithm [3] estimates the a posteriori probability of each decoded bit ut from the received 

sequence y in LLR form 

 

To compute this a posteriori probability, forward (At(s)) and backward (Bt−1(s_)) metrics are defined for 

each encoder state s in a recursive manner 

 

being s_ in (6) the states connected to s in a forward direction and s in (7) the states connected to s_ in a 

backward direction. Mt is computed as in (1). The max∗ operator is the Jacobian logarithm, which is 
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approximated as max(a, b)[6] for the Max-Log-MAP algorithm. Finally, after computing the forward and 

backward metric, the a posteriori probabilities of decoded bits are calculated as 

 

where R0 and R1 are the possible transitions from states s_ tostates s when a bit 0 or a bit 1 is transmitted, 

respectively. 

IV. PROPOSED ADSOVA 

To reduce complexity, a limitation on the number of trace back steps of the updating process is carried out 

in the SOVA. Typically, a value of 2K or 3K (where K is the constraint length of the turbo encoder) is 

recommended [5]. However, this limitation may degrade the performance of the decoding process 

depending on the scenario. For instance, [8] evaluates the need of a deeper updating window for high coding 

rates to avoid Bit Error Rate (BER) degradation. Thus, a short updating window could lead to a degradation 

of the error correction performance for the highest coding rates, while a deep updating window might 

unnecessarily increase the complexity of the decoding process for the most robust coding rates.  

Moreover, the channel model has a significant impact on the SOVA performance too [11]. Hence, the a 

priori selection of a value for the depth of the updating process could reduce the efficiency of the turbo 

decoder.  

We propose an adSOVA which stops the updating process as soon as no further trace back steps are needed. 

Hence, the proposed algorithm achieves the same error correction performance as the SOVA while reduces 

complexity by avoiding unnecessary processing. To illustrate this, Fig. 1 shows an example of the 

competing and the survivor paths at the instant t − 1 and t for a four-states turbo code. At memory level 1, 

the survivor path at t matchs the survivor path at t − 1. The same coincidence happens with the competing 

path at memory level 3. Thus, if any of the competing or the survivor paths reaches a node at t which had 

been reached at t − 1, the rest of the trace back steps coincide. 
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Moreover, if the reliability value obtained for the memory level 0 at the instant t(Δ0t) is the lowest value at 

this time, this value will be used during the updating process in the rest of memory levels when binary 

decisions are different. Otherwise, the reliability value used at each memory level will be the minimum 

value found until this level, and it will match the minimum value found until this level at t − 1. Thus, if both 

the survivor and the competing paths coincide at the instant t and t − 1, it is not necessary to complete the 

updating process from these nodes. Based on this fact, an adaptive updating algorithm is proposed for the 

adSOVA. 

 

To define the adaptive updating process at time t, consider the nodes of the survivor and competing path of 

the instant t − 1, as well as the minimum reliability value found during the trace back process. The proposed 

algorithm is given by the following steps (see Fig. 2): 

1) Calculate the reliability value for thememory level k = 0. This value is taken as the minimum reliability 

value (Δmin = Δ0t). Then the trace back process through the survivor and competing path begins.  

2) Check if the reliability value stored for each memory level is the minimum value found. In that case the 

minimum reliability value is updated (Δmin = Δkt). 

3) Check if both the survivor and competing path for each node at instant t belong to the survivor and the 

competing path of the instant t − 1. 
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4) If step 3 is satisfied and reliability value of the memory level k = 0 is not the minimum reliability value, 

the updating process can be finished since no new updating in the rest of the trace back process will be 

done. Otherwise, go back to step 2 until the trace back process is terminated, or stopping conditions are 

satisfied. 

The adSOVA is expected to reduce on average the number of trace back steps compared to the SOVA. 

Regarding the number of operations, three extra comparisons are done at each trace back step of the 

updating process. 

V. PERFORMANCE OF ADSOVA IN 3GPP-LTE SYSTEMS 

In this section the performance of the proposed adSOVA is evaluated and compared with the SOVA [5] 

and the Max-Log-MAP algorithm with sliding-window [12]. These algorithms have been included in a 

complete LTE downlink simulator [13], which includes a 3GPP-LTE turbo encoder [14]. Main simulation 

parameters are listed in Table I. 

 

 

In 3GPP-LTE standard, BLER is a more useful statistic than BER as it is used to perform the LA [9]. In 

Fig. 3 BLER results are shown for MCSs corresponding to the Channel Quality Indicators (CQIs) 4, 9 and 
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14 [9], for a SOVA decoder with different updating window depths w, and for the Max-Log-MAP decoder 

using a sliding-window1w of depth 20. Note that, as it was justified in Section IV, the error correction 

performance is identical for both the SOVA and the adSOVA for the same value of w. Regarding the SOVA, 

for the most robust MCS there are no major differences when the depth of the updating window increases. 

As the robustness of the MCS decreases, the use of a deeper updating window improves significantly the 

BLER performance. In particular, for a BLER of 0.1, a gain of 1.6 dB is achieved when using a depth of w 

= 80 steps instead of w = 20 steps. However, Fig. 3 shows that an updating window deeper than 60 hardly 

improves the BLER performance whatever the MCS. Concerning the Max-Log-MAP algorithm, it always 

improves the SOVA except for the least robust MCS, where results are very similar when a deep updating 

window is used for the SOVA, which means that a deeper sliding-window is necessary. Hence, these results 

reveal the impact of the depth of the updating window in the BLER performance of a SOVA based turbo 

decoder. 

 

Regarding complexity, Fig. 4 presents an average CPU cycles consumption comparison between the 

adSOVA and the SOVA, for different updating window depths, and the Max-Log-MAP algorithm. For 

each MCS and each algorithm, it has been considered the average SNR for which a BLER of 0.1 is achieved 

(see Fig. 3), as this is the operating point of LTE [9]. These results have been normalized to the maximum 

value for each MCS, which corresponds to the Max-Log-MAP algorithm.  

Fig. 4 shows that, for the adSOVA, the number of CPU cycles consumed is always lower than for the 

SOVA, for the same value of w. For instance, for the MCS corresponding to the CQI 14 and w = 60, a 

reduction of 40% is achieved. Furthermore, for the adSOVA, results when using a deep window are close 

to results of the SOVA when using the shortest window, i.e., w = 20. Thus, the proposed algorithm allows 

to use a higher value of w to improve BLER (especially for the least robust MCSs) with a complexity 

increase that is considerably lower than the experienced by the SOVA when the same value of w is used. 
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Fig. 5 shows the simulated probability mass function (PMF) of the number of trace back steps for the 

adSOVA with w = 60, for the same MCSs and mean SNR values than used in Fig. 4. Also, the mean values 

of these numbers of steps are shown. These results show that despite the variability of the number of steps, 

results are almost always close to the mean value, which in all cases is far from the maximum value of 60. 

Then, the complexity reduction of the adSOVA will not have high variability for each decoded block. Thus, 

although the turbo decoder must be worst-case designed, i.e., to assume that the number of trace back steps 

of the adSOVA is always the maximum value w, as this case will hardly ever occur, a complexity reduction 

will be obtained in almost all decoded blocks. This reduction can be used, for instance, to increase the 

number of iterations of the turbo decoder until achieving the worst-case complexity, thus improving the 

error correction performance; or to stop earlier the turbo decoding process to save power [16]. 

VI. CONCLUSION 

In this paper, it has been shown that a truncation of the updating process of the SOVA can cause an 

important degradation of the BLER performance, mainly for high coding rates. Thus, we proposed a 

modifed SOVA which adaptatively adjusts the depth of the updating window to the minimum value that 

achieves the best error correction. Simulations results show that for typical operating points of LTE the 

adSOVA reduces complexity compared with the conventional SOVA, but without BLER degradation. 

Then, a deeper updating window can be used to improve BLER without a signficant increase of complexity.  

Furthermore, a comparison with Max-Log-MAP algorithm has been carried out, showing the adSOVA an  

important complexity reduction. 
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