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ABSTRACT:

This contribution provides an analysis of the hardware complexities of the proposed turbo code interleavers
from Motorola, Hughes/Nortel, and the NTT DoCoMo merged proposal.
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1.0 Introduction

This contribution compares the hardware implementation complexity of the proposed turbo
interleavers. In order to make a fair comparison among the interleavers, it is assumed tha
interleaver supports all possible turbo code block lengths from 320 up to 8,192 bits in lengt

2.0  Motorola Interleaver

Figure 1 shows the implementation of the Motorola turbo code interleaver. The circuit has a
imum latency of two clocks (no consecutive puncturing). The gate count estimate is shown b
in Table 1.

Table 1

Note that this implementation can support any block size from 320 bits up to 8,224 bits us
look up table (LUT) which contains only 5, 8-bit values (this can be a very small ROM but m
likely would be synthesized into logic gates).No other parameters are required. If larger block
sizes are required, this interleaver could easily be modified. For example, to handle a bloc
of 81920 bits (1.024 Mbps, 80 ms block), this interleaver would only grow to 1050 gates.

The 729 gates are all that is required to implement the interleaver. No additional parameters
to be stored and no additional memory is required. This interleaver is very well suited for h
ware implementation. Interleaver addresses can be generated real-time. They do not nee
generated prior to use and stored. The interleaver is very flexible and easily adapts to ch
block size.

Module
Gate

Equivalents
Comment

Counter 60 5-bit counter

Bit Reversal 0

LFSR 194 (10g FF + 3g  XOR) per
bit * 8 bits + 5x8 LUT
(40g) + 50g
augmentation circuitry

Shift Left m
Bits

60 Muxes required to shift
a 5 bit value from 4-12.
(3g/mux)*20 = 60g

Adder 155 15g per bit * 5 bits +
10g per bit * 8 bits

Comparator 130 10g per bit * 13 bits

Output
Address Latch

130 10g FF per bit * 13 bits

TOTAL 729
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 Fig. 1

3.0 Hughes-Nortel Prunable interleaver

Based on Motorola’s understanding, Table 2 shows estimated gate counts for the elements
Prunable interleaver. Row permutation and the final address comparator (for puncturing) a
output latch are similar to the Motorola interleaver. In addition a column permutation mus
done which requires a 7 x 13 bitmultiplication and a modulo computation. Furthermore the pru
able interleaver parameters must be stored.  This requires a minimum of 1224 bits of ROM

Table 2

If larger block sizes were desired, the ROM table would grow significantly. The other logic wo
grow similarly to the Motorola interleaver.

Module
Gate

Equivalents
Comment

Counter 72 6-bit counter

Bit Reversal 0

Shift Left m
Bits

105 Muxes required to shift
a 6 bit value from 3-7.
(3g/mux)*35 = 105g

Adder 160 15g per bit * 6 bits +
10g per bit * 7 bits

Comparator 130 10g per bit * 13 bits

Output
Address Latch

130 10g FF per bit * 13 bits

Sub-total 597

multiplier 1000 7 x 13 bits, ~1k gates

ROM 1224 1224 bits, 1g per bit

TOTAL 2881
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Deinterleaver Write
Address

>= ?

block length

Invalid
Address

<< m

13

5



com-
based

his

ut

d
ter-

gmen-

able

rly.
g chan-

er pro-
and

orola
ll as
to a

the
ple-

perate
rther

poly-
iven
inter-
4.0 NTT DoCoMo merged proposal

Based on the information given in Tdoc TSGR1#3(99)217, we were not able to do a detailed
plexity analysis of the NTT DoCoMo merged proposal. Some observations are listed below
on the range of block sizes of 320 to 8192.

• Larger LUT (345) bits for root of prime number table for prime numbers from 31 to 409. T
would get significantly larger if larger block sizes were desired.

• A multiplier and modulo operation are required. Optionally another LUT could be used b
this would be large:  9 bits * sum of primes from 31 to 409.

• Need to select Ii’s:  computational complexity or 10984 bit LUT.
• Need to apply algebraic interleaving by factor Ii on each column, where sequence interleave

is index table used for 1st column permutation.  This requires complexity of algebraic in
leaver in and of itself.

• Need to determine if the number of columns is prime, prime+1, or prime-1 and have au
tation circuitry for each case as applicable.

• LUT for predetermined interleaver pattern (pip) of lengths 10 and 20: (140 bits).
• Still requires puncturing like Motorola and Hughes/Nortel.

To do a detailed complexity analysis, a more detailed description is needed.

• Given a block size, how is the number of columns calculated?
• How many candidate column sizes will need to be implemented?
• What parameters are best suited for LUT and what should be calculated real-time?
• If the Ii’s are calculated real-time, how is this done?
• How many consecutive addresses need to be punctured worst case?
• Would interleaver addresses be calculated real-time or would they be stored in a RAM t

prior to use?

5.0 Performance

Simulation results in AWGN are shown in figures 2 and 3. All interleavers perform simila
Results presented in a previous submission have also shown that the performance in fadin
nels is also identical.

6.0 Implementation Analysis Conclusion

The preceding analysis has shown that the hardware complexity of the turbo code interleav
posed by Motorola is approximately 1/4 the complexity than the Hughes/Nortel approach
appears to be of much lower complexity compared to the NTT merged proposal. The Mot
interleaver does not require any ROM or RAM thereby simplifying the implementation as we
any self-test circuitry. Furthermore, the latency of the Motorola interleaver can be reduced
single clock cycle with only a 20% increase in complexity over the two-clock version. At
mobile, in order to reduce power consumption the turbo decoder would most likely be im
mented such that each decoder time step would require only a single clock. The ability to o
the turbo interleaver at the same clock frequency would simplify the implementation and fu
reduce power consumption.

Also note that since the Motorola turbo code interleaver has only one parameter (the LFSR
nomial) for each non-pruned interleaver length, it is much simpler to specify and verify. G
that all the proposed interleaver methods are very similar in performance, the turbo code
leaver should be chosen based on simplicity.



Figure 2  Turbo interleaver comparison using 8 states 4 iterations turbo code, data rate 32
kbps, 10 ms interleaving interval, static channel

Figure 3  Turbo interleaver comparison using 8 states 4 iterations turbo code, data rate 64
kbps, 10 ms interleaving interval, static channel

Solid line: BER
Dashed line: BLER
x line: MOT intlvr
+ line: GF intlvr
o line: Prunable intlvr

Solid line: BER
Dashed line: BLER
x line: MOT intlvr
+ line: GF intlvr
o line: MILintlvr
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