
2002-05-15 IEEE C802.16a-02/59

Project IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16>

Title Convolutional Turbo Codes for 802.16

Date
Submitted

2002-05-15

Source(s) Brian Edmonston
iCODING Technology Inc
11770 Bernardo Plaza Ct, 466
San Diego, CA

Voice: 858-487-5595
Fax: [Fax Number]
brian@icoding.com

Re:

Abstract Demonstrates that current optional coding scheme does not provide material benefit and proposes
additional optional coding scheme.

Purpose Provide background for comments submitted.

Notice This document has been prepared to assist IEEE 802.16. It is offered as a basis for discussion and is not binding on
the contributing individual(s) or organization(s). The material in this document is subject to change in form and
content after further study. The contributor(s) reserve(s) the right to add, amend or withdraw material contained
herein.

Release The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution,
and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name
any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole
discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The
contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16.

Patent
Policy and
Procedures

The contributor is familiar with the IEEE 802.16 Patent Policy and Procedures (Version 1.0)
<http://ieee802.org/16/ipr/patents/policy.html>, including the statement “IEEE standards may include the known
use of patent(s), including patent applications, if there is technical justification in the opinion of the standards-
developing committee and provided the IEEE receives assurance from the patent holder that it will license applicants
under reasonable terms and conditions for the purpose of implementing the standard.”

Early disclosure to the Working Group of patent information that might be relevant to the standard is essential to
reduce the possibility for delays in the development process and increase the likelihood that the draft publication will
be approved for publication. Please notify the Chair <mailto:r.b.marks@ieee.org > as early as possible, in written
or electronic form, of any patents (granted or under application) that may cover technology that is under
consideration by or has been approved by IEEE 802.16. The Chair will disclose this notification via the IEEE
802.16 web site <http://ieee802.org/16/ipr/patents/notices>.



2002-05-15 IEEE C802.16a-02/59

 1

Optional Coding Schemes for 802.16
Brian Edmonston

iCODING Technology Inc

Optional Coding

Richard Van Nee, et al., OFDM for Wireless Multimedia Communications, pages 62-63.

“For frequency selective channels […] the Euclidean distance should be spread over as
many symbols as possible, such that a few lost symbols have the smallest possible impact
on the probability of a decoding error. As a consequence, in fading channels it is preferable
to use high-order QAM constellations in combination with low-rate coding schemes.”

This contribution demonstrates that the optional channel coding in the draft 802.16 standard provides little
(between 0.6 and 0.8 dB) improvement over the mandatory forward error correction schemes.   In light of poor
performance it is proposed to add another optional channel coding be added to enable more material coding gain
improvements. 

The new optional channel coding scheme is compatible with all modes currently specified in the draft
standard.  It is also worth noting that this second optional forward error correction scheme was present in earlier
versions of the draft standard (at late as meeting 17), so the current proposal is not attempting to bring in new
material at this late time. 

The proposal also adds virtually no additional complexity to the MAC layer, and in fact is much simpler
from a messaging standpoint than the additional messages used for TPC coding.  Additionally, the proposal
leverages the DVB-T/RCT roots of the OFDMA mode by using similar channel coding.

Since some may still wish to implement the current optional channel coding for the small performance
gains it offers we do not propose that it be removed or replaced.  However, we do submit the more powerful
forward error correction should be made available as part of the standard. 

In the first part of this contribution the AWGN performance of the mandatory and optional schemes are
compared.  Additionally, performance results for the second optional coding scheme are also provided.  In the
second part of this contribution, the performance of the convolutional Turbo Codes is compared with the
performance of the mandatory channel coding in selected fading channel models.  

It should be noted that the performance improvement realized in fading channels from the use of
Convolutional Turbo Codes is on the order of 6dB (or more) providing significant overall system performance
improvement.

For simplicity the mandatory coding scheme is simulated as a convolutional code only of identical overall
rate, rather than the concatenated code.  For bit error rates between 1.0E-4 to 1.0E-6 the performance of the two
codes is virtually identical.

New text to be added to the standard has been submitted in a separate comment.

Performance of the current FEC Schemes
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QPSK, AWGN
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Figure 1. QPSK Rate _ OFDM Mode  in AWGN

The current optional QPSK rate _ channel coding only provides 0.8 dB improvement at a BER of 1e-6.  A
new  TCC channel coding would provide 1.5 dB additional coding gain, almost twice the improvement of TPC.
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Figure 2. QPSK Rate3/4 OFDM Mode  in AWGN

The optional QPSK rate 3/4 channel coding only provides 0.6 dB improvement over the mandatory mode
at a BER of 1e-6.  A new TCC option would provide a more material 1.4 dB improvement. 
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16QAM, AWGN
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Figure 3.  QPSK Rate3/4 OFDM Mode  in AWGN

The current optional 16QAM rate 3/5 channel coding only provides 0.8 dB improvement at a BER of 1e-6.
 A new TCC rate 2/3 provides 2.0 dB coding gain (150% increase) over the mandatory channel coding, and an
additional 10% increase in throughput over the optional channel coding.  Alternatively, a new rate 1/2 Turbo Code
would provide 2.0 dB additional coding gain over the optional rate 3/5 channel coding mode. 

These results are just for the OFDM mode.  The performance of the optional channel coding is even worse
for OFDMA mode as the frame sizes are smaller.
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Fading Channel Results

The following fading simulations were performed using ideal channel state information.  The results show
that the combination of OFDM modulation and Turbo Code channel coding provides 6 dB (or more) additional
coding gain over the mandatory channel.  Thus, Turbo-OFDM forms a powerful communication solution for non-
line-of-sight communications. 

The simulation results for the mandatory scheme are consistent with simulation results presented in [1]. 
For simplicity the mandatory coding scheme is simulated as just a convolutional code of identical overall rate,
rather than the concatenated code.  For bit error rates between 1e-4 to 1e-6 the performance of the two codes is
virtually identical. 

We welcome confirmation or correction of these results, as well as supplemental information including
TPC and concatenated coding results.  To facilitate comparison between results no power control was used during
the simulation.
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Figure 4. Fading Channel OFDM QPSK 1/2
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384 info bit, SUI4
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Figure 5. Fading Channel OFDM 16QAM Rate _ SUI4
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6 MHz, 1/4 Guard 256 FFT (insufficient guard)
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Figure 4. Fading Channel OFDM 16QAM _ SUI5



2002-05-15 IEEE C802.16a-02/59

 6

SUI5, 384 Info Bits
3 MHz, 1/4 Guard 256 FFT (sufficient guard)
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Figure 4. Fading Channel OFDM 16QAM _ SUI5 (2)
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6 MHz, 1/8 Guard 256 FFT 

1.00E-05

1.00E-04

1.00E-03

1.00E-02

1.00E-01

1.00E+00

10 15 20 25

SNR

B
it 

E
rr

o
r 

R
at

e

64QAM 1/2 Conv

64QAM 1/2 Turbo

Figure 4. Fading Channel OFDM 64QAM Rate _ SUI4

Conclusion
Convolutional based Turbo Codes provide a more powerful channel coding option for 802.16.  The

improvements provided are particularly significant in the anticipated non line-of-sight channel environments for
which the 802.16 wireless standard was designed. 

Convolutional Turbo Codes improve the performance of all the modes currently specified including single
carrier, OFDM, OFDMA and OFDMA2. 

A second optional channel coding is particularly necessary in this case because of the minimal performance
improvements supplied by the current optional channel coding.



2002-05-15 IEEE C802.16a-02/59

 7

Adding another optional channel coding scheme to 802.16 provides minimal additional complexity at the
MAC and other layers as the information frame sizes are identical to those of the mandatory coding scheme (unlike
TPC which creates new frame sizes). 

References
[1] Richard Van Nee, et al., OFDM for Wireless Multimedia Communications, 2000, pp 68-69.
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Appendix B additions:

B.1.3

The Turbo Code encoder is depicted in Figure 1.  It uses a double binary Circular Recursive Systematic
Convolutional (CRSC) code.  The MSB of the first bit in the encoded frame is assigned to A, the next to B and so
on for the rest of the encoded frame.

The encoder is fed by blocks of k bits or N couples (k = 2*N bits).  For all the frame sizes k is a multiple of 8 and
N is a multiple of 4.

The polynomials defining the connections are described in octal and symbol notations as follows:
- for the feedback branch: 015 (hex), equivalently 1+D+D3 (in symbolic notation)
- for the Y parity bit: 13, equivalently 1+D3

The input A bit is connect to tap 1 of the shift register and the input B is connected to the taps “1”, D and D2.

First, the encoder (after initialization by the circulation state Sc1, see below) is fed the sequence in the natural order
(position 1) with the incremental address i = 0 .. N-1.  This first encoding is called C1 encoding. Then the encoder
(after initialization by the circulation state Sc2, see below) is fed by the interleaved sequence (switch in position 2)
with incremental address j = 0, … N-1.  This second encoding is called C2 encoding.  The function pi(j) that gives
the natural address of i of the consider coupled when reading it at a place j for the second encoding is given below.
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Figure 1. Constituent Encoder

Figure 2. Turbo Code Encoder

B.1.3.1

The permutation is done on two levels; the first one inside the couples (level 1), the second one between couples
(level 2).

Set the permutation parameters P0, P1, P2 and P3. 

j = 0 .. N-1

level 1

if j mod. 2 = 0 let (A,B) = (B,A) (invert the couple)

S1 S2 S3+ ++

+
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Permutation
(k/2)

pi(j)

Redundancy
(Fig. 1)
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level 2
- if j mod. 4 = 0 then P = 0;
- if j mod. 4 = 1 then P = N/2 + P1;
- if j mod. 4 = 2 then P = P2;
- if j mod. 4 = 3 then P = N/2 + P3.

i = P0*j+P+1 mod. N.

B.1.3.2 Determination of the circulation states

The state of the encoder is denoted S ( 0 <= S == 7) with S = 4s1 + 2s2 + s3  (See Figure 1).  The circulation states
Sc1 and Sc2 are determined by the following operations:

1) initialize the encoder with state 0.  Encode the sequence in the natural order for the determination of Sc1
or in the interleaved order for determination of Sc2.  In both cases the final state of the encoder is S0N-1;

2) according to the length N of the sequence, use the following correspondence to find Sc1 or Sc2.

S0N-1 ->
N mod. 7

0 1 2 3 4 5 6 7

1 Sc = 0 6 4 2 7 1 3 5
2 0 3 7 4 5 6 2 1
3 0 5 3 6 2 7 1 4
4 0 4 1 5 6 2 7 3
5 0 2 5 7 1 3 4 6
6 0 7 6 1 3 4 5 2

Table 1. Circulation State Table

B.1.3.3 Rates and puncturing map

Four codes rates are defined for the convolutional Turbo Code mode: R =1/2, 2/3,3/4.  This is achieved through
selectively deleting the parity bits (puncturing).  The puncturing patterns are identical for both codes C1 and C2. 

 
Y/

Rate
0 1 2 3 4 5 6 7

_ 1 1
2/3 1 0 1 0
_ 1 0 0 1 0 0

Table 1. Puncture Map

B.1.3.4 Order of output

The order in which the encoded bit are fed into the interleaver is:

A0, B0 .. AN-1, BN-1, Y10, Y11 .. Y1M, Y20, Y21 .. Y2M, where M is the number of parity bits.
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{END OF APPENDIX B ADDITIONS.}
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MODIFICATIONS TO THE DRAFT STANDARD

The following table should be added as section 8.3.5.5.4.2.3:

8.3.5.5.4.2.3

Table X. Optional Turbo Code Channel Coding per Modulation

Modulation Data Block Size
(Bytes)

Coded Block Size
(Bytes)

Overall Rate

QPSK 32 48 2/3
QPSK 36 48 3/4
16QAM 48 96 1/2
16QAM 72 96 3/4
64QAM 96 144 2/3
64QAM 108 144 3/4

The following table should be added as section 8.3.5.6.4.2.3:

8.3.5.6.4.2.3

Table X. Optional Turbo Code Channel Coding per Modulation

Modulation Data Block Size
(Bytes)

Coded Block Size
(Bytes)

Overall Rate

QPSK 24 36 2/3
QPSK 27 36 3/4
16QAM 36 72 1/2
16QAM 54 72 3/4
64QAM 72 108 2/3
64QAM 82 108 3/4

Table 234 in the fourth column, forth row (OFDM, OFDMA, OFDMA2) the following should be added:

14- TCC QPSK 2/3
15- TCC QPSK 3/4
16- TCC 16QAM 1/2
17- TCC 16QAM 3/4
18- TCC 64QAM 2/3
19- TCC 64QAM 2/3

Table 236 in the fourth column, forth row (OFDM, OFDMA, OFDMA2) the following should be added:
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14- TCC QPSK 2/3
15- TCC QPSK 3/4
16- TCC 16QAM 1/2
17- TCC 16QAM 3/4
18- TCC 64QAM 2/3
19- TCC 64QAM 2/3


