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Abstract 

This paperpresents a turbo and Viterbi decoder single 
chip for3GPP2 standard. The turbo decoding with a m u -  
imum block length of 20,730 and Eterbi decoding with 
various coding rates are impleniented to provide maxi- 
mum 4.52Mb/s and 5.26Mb/s data rates respectively The 
memory access is reduced by the input caching scheme. 
And the system complexity is lowered by the efJicient in- 
terleaver design. This chip is fabricated in a 0.18pm six- 
metal standard CMOS process, and the measured power 
dissipation is 83mW while decoding a 3.1Mb/s turbo en- 
coded data stream with six iterations for each block. 

1. Introduction 

In 3rd generation partnership project 2 (3GPP2) mo- 
bile wireless communication standard (51, both turbo and 
convolutional codes are specified for the high speed data 
and speech transmission. Moreover, higher data rates and 
larger block lengths are specified in turbo coding. This 
will cause more challenge in designing the decoder due to 
large volumes of memory required in the interleaver. On 
the other hand, the higher data rate indicates an intensive 
demand of memory bandwidth, which makes the power 
dissipation an issue in mobile stations. 

The parallel concatenated convolutional codes, named 
turbo code[l], is widely applied to many wireless commu- 
nication systems. Thanks to the iterative decoding algo- 
rithm using soft-idsoft-out (SISO) decoders [2], a fairly 
good coding performance can be achieved with simple 
constituent codes concatenated by interleavers. Fig. 1 
illustrates the decoding procedure of turbo codes. The 
decoder comprises two component SISO decoders based 
on either soft-output Viterbi algorithm (SOVA) [31 or 
maximum a posteriori probability (MAP) algorithm [4]. 
Each constituent decoder delivers the extrinsic informa- 
tion L,(u) which is taken as a priori information for the 
other constituent decoder. The iterative decoding pro- 
ceeds with the extrinsic information passing between con- 
stituent decoders. 

The turbo decoder is composed by a single SISO de- 
coder that uses Max-Log-MAP algorithm [6] to simpli- 
fied the circuit complexity. And the embedded interleaver 
block is implemented with the modest requirement of 
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Figure 1. Turbo decoding flowchart 

memory and control complexity. Furthermore, in  order to 
increase memory bandwidth for MAP decoder and reduce 
external memory access, a caching scheme is designed by 
taking advantages of sliding windowed approach. 

The Viterbi decoding consists of 256 states and uses 
the same datapaths as those of the turbo decoder. Vari- 
able coding rates, including 1/2, 113, 1/4, and 1/6, are sup- 
ported. 

The decoding algorithm is described in section 2 .  And 
section 3 presents the decoder architecture. The imple- 
mentation and test results are shown in section 4 and 5. 
Finally, the conclusion is given in section 6. 

2. Algorithm 

Both decoding algorithms are based on trellis, which 
can be merged with less cost overhead. An approximation 
of MAP algonthm termed Max-Log-MAP [6] has been 
derived for simple implementation of MAP decoders, and 
bas a add-compare-select (ACS) structure that can he used 
by Viterhi algorithm. 

2.1. Turbo decoding algorithm 
The decoder iteratively decodes the parallel concate- 

nated convolutional codes through MAP algorithm which 
provides us with the log-likelihood-ratio (LLR) of the 
a posteriori probability (APP) of each information bit U k  

[4]. For systematic codes, the APP ratio L(&) can be fur- 
ther represented in three terms [2] 

L(ck) = L m ( U k ) t  Lcrs+Lex(uk) (1) 

These are the channel values L,r,,the a priori information 
L,"(uk), and the extrinsic information L,(ua). After inter- 
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leaving or deinterleaving, the a priori value comes from 
the extrinsic information of the other constituent decoder, 
whcih is shown in Fig. I .  That is Li,,l(uk) = Lexz(uk) 
and Lin2(uk) = Lex, (uk). And the channel value is the sys- 
tematic input times the reliability value of the channel L,. 
Thus, the extrinsic value of one MAP decoder can be ex- 
tracted by ( I ) .  

For the consideration of circuit complexity, Max-Log- 
MAP algorithm [6] is applied to the SISO decoder. In 
logarithmic domain, L(&) can be approximated to 

L ( 4  = m a  (~~-I(s~-IP ydsk,sk--l?+ P d s d  

- max (~c-I(s~-I?+ yk(sk , sk -~?+  P I ( ~ I I )  ( 2 )  

i W - 1 )  
uk=l 

iw-,) 
M i d  

This computation consists of forward and backward recur- 
sions that repetitively compute the forward metric a and 
the backward metric !3 and can be expressed by 

a h )  = max ( a k - l ( s k - ~ b  yk(st-l,sr-) 

P k ( 4  = max ( P k + l ( ~ k + ~ k  y&t+~,sk)  , 
( 3 )  

(4) 

where y is the branch metric. Both equations are ACS 
operations which are similar to the path metric (I'M) up- 
dating of Viterbi algorithm. 

In sliding windowed approach, as shown in Fig. 2, the 
data stream is divided into sub-blocks of length 20. An ad- 
ditional backward recursion PI that conditions the starting 
point of Pz calculation is employed. The final results will 
he computed by a .Pz and y. 
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Figure 2. The windowed MAP algorithm 

2.2. Viterbi algorithm 
The algorithm recursively compute path metrics for the 

shortest path tehinating at each state. With a truncation 
length of T ,  the algorithm must decide a state at depth 
f - T by the shortest path at depth f. Besides, the trace- 
back approach based on the k-point even algorithm[7] is 
applied to save power consumption. 

3. Architecture Design 

Because of the trellis decoding stmcture of both de- 
coders, the combination takes the advantage of resource 
sharing in the ACS and memory unit, leading to a much 
compact architecture for 3GPP2 system. 

3.1. Turbo decoder 
Refer to Fig. I ,  a full decoding iteration is split into two 

phases. Firstly, in the SISO decoderl, the MAP decoder 
reads systematic data, parity data and extrinsic values 
which come from the other decoder after de-interleaving. 
The output extrinsic data are stored in memory. As in 
SISO decoder2, the MAP decoder processes permuted 
systematic data, parity data from second encoder, and 
a priori values which are the interleaved extrinsic output 
from decoderl , 

The decoder uses a single MAP decoder which consists 
of three ACS units for a, P I ,  and P 2  recursions in Fig. 2.  
A path metric memory a-SRAM for storing a values is 
also required. Fig. 3 shows the decoder architecture in 

Figure 3. The decoder in Turbo mode 

turbo mode where the active components are highlighted. 
The ACS units process three consecutive sub-blocks con- 
currently for different strategies in MAP algorithm. The 
ACS-a carries out the forward recursion and saves the re- 
sults in a-SRAM. And ACS& start backward recursion 
from the node determined by ACS-PI previously. At the 
same time, LLR unit calculates the soft output L(ii,) and 
extrinsic information Lex(uk), which is formulated in (2) 
and (1). 

Cache design 
As shown in Fig. 2 ,  the data of a sub-block need to 

be read thrice by ACS-PI, ACS-a, and ACS& units sep- 
arately. Thus, an input cache is implemented to reduce 
repeated access of external memory. The cache keeps 
three consecutive sub-blocks, and is equipped with one 
writing port for data updating and three reading ports 
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for ACS units. As shown in Fig. 4, the cache is imple- 
mented by a dual-port SRAM, and uses time multiplexed 
approach to provide four data ports. 

U 

Address4 

Address-I 

memory 
Address-2 

Addrcss-3 

Figure 4. The input cache architecture 

Interleaver design 
The embedded interleaverlde-interleaver that supports 

a maximum block length of 20,730 is designed to reduce 
the amount of time required to permute symbols. The per- 
mutation realized by address management operates on the 
fly with the MAP decoder, which results no additional de- 
lay within each iteration. Fig. 5 shows the address gen- 

Figure 5. Address generator for the interleaver of 3GPP2 
turbo decoder 

erator for intedeaving operation. A large memory of ad- 
dress table with a size of 310.95kb can be eliminated by 
the on the fly address calculator. However, in 3GPP2 spec- 
ification, the generator may produce invalid addresses and 
stall the MAP decoder, which will decrease the throughput 
rate. This can he solved by a duplicated address generator. 
While an invalid address is observed, the address from the 
other generator is adopted. Two SRAMs of 20,730 words 
are included in the proposed decoder for systematic and 
extrinsic data respectively. And both them are single-port 
structures to avoid the area overhead of multi-port mem- 
ory. 

3.2. Viterbi Decoder 
In Viterhi mode, 256 states trellis decoding is imple- 

mented with 112, 113, 114, and 116 coding rate. As shown 
in Fig. 6, the ACS-a and ACS-Dl including 16-ACS ar- 
ray perform these 256 ACS operations in 16 cycles. The 
memory for interleaver in turbo decoder is treated as the 
survivor memory. The traceback (TB) read operation 

.... 
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Figure 6. The decoder in Viterbi mode 

is performed separately from ACS operations due to the 
limited bandwidth of survivor memory, and takes 2 cycles 
based on the 3-point even algorithm 171. The decode read 
follows after the second traceback read and outputs a de- 
coded bit. Averagely, it takes 19 cycles to decode one data 
bit, which achieves the maximum throughput of 5.26Mbls 
at a IOOMHr clock rate. 

4. Implementation 

The decoder is implemented by the cell-based design 
flow, and fabricated in a 0.18j1m lP6M standard CMOS 
process. In turbo decoding mode, two clock domains are 
used in memory and datapath respectively. The double 
clock rate provides the memory with higher bandwidth, 
and the single-port memory is sufficient in the proposed 
design except the cache memory. The chip size is 11.56 
mm2 with the core size of 7.29 mm2. The total gate count 
is about 115k gates including the path metric memory 
for Viterbi decoder. Three single-port and one dual-port 
SRAMs are embedded in the chip with a total size of 
25 I .64kb. The maximum IR drop that occurs in MAP de- 
coder is ahout 5.7mV while the supply voltage is 1.8V. 
This will assure the stable and correct operation. The cod- 
ing performance in AWGN channel is shown in Fig. 7 
with an additional floating-point result for reference. Fig. 
8 shows the microphoto of the chip. The features are also 
summarized in Table 1. 
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-Cffloaling-point turbo decoder 
+-flx-point turbo decoder 
+-flx-poinl Viterbi decoder 

Technology 
Package 

Supply voltage 
Chip size 

Embedded SRAM 
Supported 
coding rate 
Maximum 
data rate 

SNR 

0.18pmCMOS 
84 CLCC 1261-1271. Feb.lMar.lApr. 1994. 

1.8VcoreI3.3VIO 
11.56 mmz 
25 1.64kb 

115 for turbo mode 
1/2,1/3,1/4,1/6 for Viterbi mode 

4.52Mbls for turbo mode 
5.26Mbls for Viterbi mode 
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Figure 8. The microphoto the decoder chip 

5. Test Results 

The chip has been tested and can work at l0OMHz 
(50MHr in datapath) under 1.60-1.9XV supply. which 
can provide 4.52Mb/s turbo decoding in six iterations 
and 5.26Mbls Viterbi decoding. Table 2 shows the 
power consumption while decoding tnrho and convolu- 
tional codes. As compared to the unified channel decoder 
in [8 ]  where 292mW is required to decode a 2Mb/s data 
stream with ten iterations, the proposed design is more 
economic in power dissipation. 

Table 2. Power consumption of the decoder chip 

’ coding rate=IR 

6. Conclusion 

In this paper, a high performance channel decoder is 
proposed for 3GPP2 standard with power and cost effi- 
ciency. The core of this chip occupies 7.29 mmz area 
while providing both turbo and Viterbi decoding func- 
tions. At the 3.IMb/s data rate, the power consumption is 
about 83mW in decoding a turbo code with block length 
of 20,730. 
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