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Abstract—Convolutional encoder is widely applied in lots
of wireless communication standards including 3G/4G mobile
communications, DVB (Digital Video Broadcasting),
IoT(Internet of Things) transmissions and so on. Therefore
multi-standard Viterbi decoder design for the above receivers
is a hot issue. In this paper, a reconfigurable high performance
Viterbi decoder design is proposed for LTE, WiMAX,
CDMA2000, GSM and TD-SCDMA. The proposed flexible
architecture supports polynomial reconfiguration, constraint
length of 5~9, and code rate of 1/2, 1/3, 1/4. Moreover, both
tail-biting and zero trellis terminating modes are supported.
To reduce decoding latency and complexity, it employs the
forward traceback method and sliding window pipeline
technology. Simulation results show that its maximum
decoding throughput is 1.15Gbps under a clock frequency of
600MHz. Finally, its area is about 0.2mm’ and the power
consumption is about 46 mw, which is estimated with Synopsis
DC and TSMC 28nm standard cell library.

Keywords—viterbi decoder; multi-standard; high
performance; forward traceback; sliding window

I. INTRODUCTION

With the popularity of portable data devices such as
mobile phones, laptops and palm-sized computers, the data
size for wireless communications shows an exponential
growth. The future mobile communication systems (beyond
4G/5G) require for faster data transferring rate, better mobile
traffic quality and more spectrum resource efficiency[1][2].

For wireless communication, there are problems such as
attenuation, distortion, interference and noise in the
transmission environment which leads to some errors in the
received data[3]. Generally, such methods as CRC,
automatic repeat request and convolutional encoding are
used to detect and correct errors and of these methods the
convolutional encoding using Viterbi algorithm has been
widely used. Recently, the discussion on viterbi decoding
applied in IoT (Internet of Things), MTC (Machine Type
Communication) has also aroused widespread concern[4][5].

The viterbi algorithm based on maximum likelihood
decoding was firstly proposed by Andrew J. Viterbi in
1967[6]. In the following years and even now, there are a lot
of researches and designs for Viterbi decoder. However,
quite a number of these studies aimed at a specific
field[7,8,9,10,11,12,13]. And the computational performance
of multi-standard supported Viterbi decoder can hardly
satisfy the requirement of future mobile data traffic. For
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example, the data throughput of TI (Texas Instruments) 6670
VCP2 coprocessor is about 9.3Mbps under a clock frequency
of 333MHz. As the computational performance is far from
meeting the needs of mobile data transmission, there are four
VCP2s in the SOC chip. In this paper, a high performance
reconfigurable Viterbi decode for multi-standard receiver has
been designed. The proposed Viterbi decoder has an
architecture that supports the constraint length of 5~9, code
rate of 1/2, 1/3 and 1/4. The generating polynomial can be
configured flexibly and the tail-biting and zero trellis
terminating modes are supported as well. It can be applied to
wireless communication system (e.g. GSM, WiMAX, LTE)
as well as other field such as UHF RFID (Ultra-High
Frequency Radio Frequency Identification) receiver.

In the following, this paper is organized like these:
Section Il explains the proposed algorithm and
implementation scheme for reconfigurable Viterbi decoder.
Synthesize results and performance evaluation are
interpreted in the sectionlIl and the final conclusion is
given in section IV.

II. PROPOSED RECONFIGURABLE VITERBI DECODER

A. Viterbi decoding algorithm with forward traceback and
sliding window methods

In this design, the forward traceback technique is adopted
in the Viterbi decoder which is based on the unification
property[14][15]. That is, if all survivor paths have been
followed back M steps, they will converge to the same state,
as is shown in Fig. 1. Typically, the traceback depth is set to
5~6 times the length of the constraint length[16].

Fig. 1 unification property

Traditional register exchange method may cause
amount of dynamic power consumption, so it should not be
used in the situation of large constraint length; the decoding
delay of backward traceback is linear related to the data
length, so it is difficult to achieve high data throughput
when the length is relatively large. With forward traceback
technique, the data can be divided into several sliding



windows and pipelining operation is carried out between the
sliding windows. This kind of optimized algorithm gives
attention to the “no delay” characteristic of the register
exchange method and the “low power consumption” of the
backward traceback method, which shows a great advantage
in terms of implementation.

Forward traceback reconfigurable viterbi decoder
function frame is shown in Fig. 2. LD and OUTPUT are data
load/write back units; TBC is trellis branch compute unit;
SPG is survival path generation unit and it includes a series
of branch metric compute units and add-compare-select
units; TB is trace back unit; CTR is the controller unit.
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Fig. 2 reconfigurable viterbi decoder function frame

The proposed design carries out the pipeline
mechanism with the unification property. As the maximum
constraint length supported in this design is 9, the sliding
window length is set to 64, reserving a certain redundancy
to avoid performance degradation.

The principle of pipeline sequence design for Viterbi
decoder is as follows: the backward traceback needs a
forward recursive computation to gain initial trace back
state of the previous sliding window, therefore, the SPG is
made to one pipeline stage. Concrete pipeline sequence is
shown in Fig. 3.
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Fig. 3 Viterbi decoder pipeline sequence

From the above sequence graph, it can be seen that,
after absolute delay of 3 sliding windows, the decoder
begins to produce the result bits. Under the Radix-4
algorithm, 2 result bits are produced in each clock cycle.
During the time interval [kL, (k+1)L], the target traceback
state at time instant kL is obtained by the recursive
computing of sliding window k+/ . The target traceback
state is the initial traceback state for TB operation.

TB operation is the traceback process. The state at time

t, t-2 is denoted respectively ass, , s, ,, and the survival bits

at time interval [¢-2,¢] are denoted as d, . The DC operation
is defined in (1).

s, , =1s,<<2,d, } (1)

As the target start traceback state is obtained by
forward recursive computing of the next sliding window, an
extra sliding window is added at the end of the code block.
The extra sliding window is obtained by repeating the
original code block or using zero instead. The redundant
computation of the added sliding window is hidden in the
pipeline sequence, which will not bring extra time overhead.
The simulation curve under Radix-4 algorithm is shown in
Fig. 4.
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Fig. 4 BLER curve
In Fig. 4, the length of code block is 1080, and the
number of code block is 10000. The channel model is
AWGN, and the modulation scheme is QPSK. The BLER
(Block Error Rate) performance gain of the proposed
algorithm is about 1.8db better than the reference model
which benefits from the added redundant sliding window.

B. Flexible Viterbi decoder architechture

The flexible architecture of Viterbi decoder is depicted
in Fig. 5.
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Fig. 5 the circuit architecture of Viterbi decoder

The difficulty in the implementation of Viterbi decoder
lies in ACS unit. Four ACS units form a PE (Processing
Element) unit. There are 64 ACS components in the
proposed design. When the constraint length is 5, 6 and7,
the number of states is 16, 32 and 64 respectively. All state



metric updating at a time can be completed in each clock
cycle. When the constraint length is 8 and 9, the number of
states is 128 and 256 respectively. The state metric
updating at a time requires 2 cycles and 4 cycles
respectively.

The design of PE is based on the state metric updating,
which has the following regularity, as is shown in Fig. 6.
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Fig. 6 processing unit regularity

In the Fig. 6, K is the PE index, PE. NUM is the PE
number required by current configuration. Each state to be
reached the next moment has 4 branches. Minimum or
maximum state metric can be selected from the four
branches, as a new state metric for the current state. This is
the ACS process. The ACS unit structure under Radix-4
algorithm is shown in Fig. 7.
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Fig. 7 ACS unit structure under Radix-4 algorithm

Considering area, the ACS unit structure under Radix-4
algorithm contains two more adders and two more
comparators than Radix-2 algorithm. Considering time, one
stage of comparison operation is added in Radix-4 algorithm.
The logic cell of “choosing one from four” in this design
contains six comparators, and the comparison result of four
data is obtained in one clock cycle. At the same time the

normalization operation joined which is hidden in the
comparison operation. Normalization can prevent the data
from overflow in the recursive computation and the critical
path delay is reduced by the parallel computation.

The circuit structure of SPG process is shown in Fig. 8.
The proposed design simplified the theoretically number of
1024 branch metrics to 8 by analyzing the internal rules
between the state metrics and branch metrics. When the
state metric is updated, it is required to record the branch
which the current updated state is from. This branch
contains two pieces of information: surviving bits and initial
start state for traceback.
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Fig. 8 the circuit structure of SPG

III. PERFORMANCE SIMULATION AND SYNTHESIS RESULTS

A. Function simulation

Function simulation and verification is accomplished by
using the Synopsys VCS (Verilog Compile Simulator) and
the UVM verification methodology. The simulation results
are shown in Fig. 9.

B. Synthesize

This design adopted TSMC 28nm stand cell library and
used Synopsys Design Compiler for synthesizing. The clock
frequency is set to 600MHz and the operation voltage is 0.9v.
Synthesize results are shown in table 1.

table 1 synthesize result

combinational cell count 107154
sequential cell count 22010
Design Area 211070um?
dynamic Power 44 mw
46mw
Leakage power 2mw

C. Throughput statistics

Supposing the length of one code block is K, and the
clock frequency is f. The throughput computation formula of
Viterbi decoder under different constraint length is listed in
the following table. The peak throughput of the decoder is
given on the assumption that the code block length is 6144,
and the clock frequency is 600MHz.



table 2 Throughput computation formula of Viterbi decoder under
different constraint length

Constraint Throughput
length Throughput formula (K=6144)
5 2K 1.15Gbps
224+ K
2K
6 7f 1.15Gbps
256+ K
2K
7 —f 1.14Gbps
320+ K
8 Kf 573.13Mbps
288+ K
K]
9 _& 287.28Mbps
544 +2K

DVE - TapLevel.2 - [Wave.1] /home/zhaory!... TestCase/VDCTost 6144 rogs_R3TOMvedphis.y

Fig. 9 VCS simulation

IV. CONCLUSION

This paper introduced a high performance multi-standard
Viterbi decoder. The proposed flexible architecture supports
polynomial reconfiguration, constraint length of 5~9, and
code rate of 1/2, 1/3, 1/4. Both tail-biting and zero trellis
terminating modes are supported. Moreover, forward
traceback algorithm and sliding window pipeline technique
are employed to improve the decoding throughput. It can be
widely used in 2G/3G/4G wireless communications.

Potentially, this reconfigurable design can be applied to
other wireless communication, such as DVB and IoT.
Especially in some low power application scenarios, this
Viterbi decoder can further reduce its power consumption by
adjusting its clock frequency.
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