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Introduction

The IEEE 802.16e CTC decoder core performs iterative
decoding of channel data that has been encoded as
8.4.9.2.3 of the IEEE Std 802.16e-2005
rigendum IEEE P802.16Rev2/D0b
802.16e code is a parallel concate-
codd®vith an input data block of 2N
rocessing with parameterizable
iCORE™ IP decoder core is

number of SISOsgthis

capable of achie i thfgughput. The decoded data
rate reaches up to s with five iterations using
eight SISOs at 286 M

Features

e Supports Virtex®-6, Virtex-5,
Spartan-3, Spartan-3E, and S
families

partan®—6,

e Supports all interleaver block sizes
OFDMA PHY mode including the HAR
HARQ modes: 24, 36, 48, 72, 96, 108, 120, 14
192, 216, 240, 480, 960, 1440, 1920, and 2400

e Performs parallel processing with parameterizable
number of SISOs to achieve high throughput and
reduce latency

e Supports dynamic block size switching without
interruption

e Programmable number of iterations dynamically
changeable per block

e Adaptive rate change via puncturing interface

e Uses MAX-LOG-MAP algorithm with extrinsic
scaling

e Parameterizable options for soft data input and
extrinsic bits

¢ Clock speed exceeds 162 MHz in Virtex-4 speed
grade -10, 196 MHz in Virtex-5 speed grade -1, and
225 MHz in Virtex-6 speed grade -1

¢ Decoded data rate depends on block size and
varies between 44 Mbps to 63 Mbps when
targeting Virtex-4, between 53 Mbps to 76 Mbps
when targeting Virtex-5, and between 61 Mbps to
88 Mbps when targeting Virtex-6 (slowest speed
grade, five iterations, and four SISO options)

e Latency depends on block size and varies between
5 us to 76 us when targeting Virtex-4, between 4 us
to 63 ps when targeting Virtex-5, and between 4 s
to 55 us when targeting Virtex-6 (slowest speed
grade, five iterations, and four SISO option)

e Fully synchronous design with single clock
domain

¢ Double-buffered input to accommodate burst or
continuous data

e Available using the CORE Generator™ v11.2
software, which is included with the ISE® 11.2
software

Functional Description

The IEEE 802.16e code is a parallel concatenated convo-
lytional code as illustrated in Figure 1. The input data
block contains 2N bits. The input data is split into even
and odd samples (A and B, each of length N bits) and is

the first constituent encoder. The constituent

encoder is a double binary Circular Recursive System-

ati lutional (CRSC) encoder that creates two
i

and(B. Th

the s

Prior to en

the input

described in Sectio,

pair of the interleaved input
are not transmitted from the
encoder.

The definition of the CRSC encoder is shown in
Figure 2. Each CRSC encoder is initialized to the circu-
lation state at the beginning of every input block. The
circulation state is calculated as described in Section 8.4
of the specification.

© 2007-2009 Xilinx, Inc. XILINX, the Xilinx logo, Virtex, Spartan, ISE and other designated brands included herein are trademarks of Xilinx in the United States and
other countries. MATLAB and Simulink are registered trademarks of The MathWorks, Inc. All other trademarks are the property of their respective owners.

DS634 December 2, 2009
Product Specification

www.Xxilinx.com 1


http://www.xilinx.com

IEEE 802.16e CTC Decoder v4.0 X XILINX® gogic 70

After a block of data has been encoded, it is typically used to drive a modulation scheme. The modu-
lated signal is then transmitted over a channel and demodulated by a receiver. The combination of the
transmitter, channel, and receiver results in some form of signal degradation.

NI "
n

Constituent [ Y1
»-| Encoder 1 —>W1

CTC
/ Interleaver

»  Constituent —>Y2
Encoder 2

—» W2

ds137_01_061705
@ Block Diagram of IEEE 802.16e CTC Encoder

each code bit. As such, the demodulator output symbols must be used in conjunction withiowledge
of the modulation scheme (that is, the constellation) to derive the LLRs for each code bit. It is the output
of this LLR pre-processor that is used to drive the decoder. The number format for the LLRs is true
two’s complement with each sample quantized to widthd bits.

Figure 3 shows a simplified block diagram of the decoding process. The non-interleaved systematic
samples, A and B, along with the parity samples from encoder 1, Y; and Wy, are processed by SISO
decoder 1. The interleaved systematic samples, A' and B', along with the parity samples from encoder
2,Y, and W, are processed by SISO decoder 2.
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Figure 3: Block Di m of /€TC Decoding Algorithm

er uses extrinsic information from the other
trinsic information from SISO decoder 1
imilarly, the extrinsic information from
SISO decoder 1. A half iteration
8. A full iteration contains two half

In addition to using the channel data, each S d
decoder to update its own extrinsic information ou
must be interleaved before being processed by SIS
SISO decoder 2 must be de-interleaved before being
occurs every time a single decoder finishes generating ne
iterations.

ends with decoder 2, and the estimated bit sequences, A"jand B, must be dé
processed downstream.

Another practical consideration in choosing the decode order has to do with the nature of the channel.
In an Additive White Gaussian Noise (AWGN) channel, the order of the decoding should have no
impact on Bit Error Rate (BER) performance. However, in a fading channel, the first half iteration
should have some advantage if it is based on the interleaved data. For these reasons, the IEEE 802.16e
CTC decoder core processes the interleaved data on the first half iteration.

It should be noted that the actual implementation of the decoding algorithm is different than what is
indicated in Figure 3. For example, the SISO decoder is time shared between the two half iterations.
Therefore, the hardware that implements SISO decoder 1 is the same hardware that implements SISO
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decoder 2. Similarly, a single circuit is used to perform both the interleaving and de-interleaving func-
tions for the extrinsics.

Although there is a factor of two savings in hardware by sharing resources between half iterations, the
implementation of each decoder has a P-fold complexity increase over that shown in Figure 3. In par-
ticular, to increase data throughput, P SISO processors are used to process the data on each half itera-
tion. This is accomplished by processing the same data block by different SISO processors for the 480,
960, 1440, 1920 and 2400 blocks and by processing different data blocks by different SISO processors for

essing the previous code blocks (that is, double buffered). The input buffer stores the channel
aget of P memories that are independently accessed by P SISO processors. During the inter-
ion, systematic data is read in an interleaved fashion, while parity data is read in a non-

In additi putibuffer, the core also contains an output buffer. At the end of the final iteration,
soft decoded ddta is written independently to the output buffer by all P SISOs. The soft decoded data
stored in the o i
pages of memory so

previous code blocks

CTC Decoder Interfa

A block diagram of the CTC decoder gfre in
in Table 1.

&

ace is shown in Figure 4. The port definitions are given

earlyterm[1:0]
—P»{ Ncode[11:0]
————» Numlter[7:0]
— P ex_scale[7:0]
——P» Adata_in[widthd-1:0]
— P Bdata_in[widthd-1:0]
——®{ Y1data_in[widthd-1:0]
— | Y2data_in[widthd-1:0]
— P Widata_in[widthd-1:0]
— | w2data_in[widthd-1:0]
— | EX1data_in[widthe-1:0]
——®| EX2data_in[widthe-1:0]

— P data_en rdyforblk[1¢
—P start_in overflow
—{ clk

——— P reset

ds137_04_0.

Figure 4: CTC Decoder Core Interface Signals
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Table 1: Core Port Definitions

Signal Direction Description

earlyterm Input Early termination enable signal. When 00, early termination is disabled (the
iterative process stops after a number of iterations given by Numlter), when
01 early termination scheme?1 is enabled (comparing hard decisions over
two successive iterations), and when 10, early termination scheme2 is
enabled (comparing hard decisions over three successive iterations).

Ngode Input Data block length N in pairs.

Input Number of full iterations.

Input Extrinsic scaling. The extrinsic data is scaled by a fractional number.
Therefore, the input signal ex_scale is equal to 256 multiplies by that
fractional number.

Input First received non-interleaved systematic data.

Input Second received non-interleaved systematic data.

First received non-interleaved parity data.

First received interleaved parity data.

W1data_in Second received non-interleaved parity data.

W2data_in Second received interleaved parity data.

EX1data_in irst received extrinsic data.

EX2data_in

data_en

start_in

clk

reset Input

Adata_out Output

Bdata_out Output

EX1data_out Output

EX2data_out Output

dataout_valid Output
signals.

start_out Output Marks the start of a decoded output block?
output block.

rdyforblk Output This signal is High when the decoder is ready fo
signal is Low, the decoder is not ready for another inp
start_in High when this signal is Low corrupts the op
one controls the flow of the 480, 960, 1440, 1920, and 2400 blocks, while bit
zero controls the flow of the remaining blocks.

overflow Output Input buffer overflow signal. This signal goes High when the start_in signal
goes High while the rdyforblk signal is still Low.
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CORE Generator Parameters

Figure 5 shows the CORE Generator Graphical User Interface (GUI) of the IEEE 802.16e CTC decoder
core. Table 2 has a detailed description of the GUI parameters.

View
IP Symbaol

LYTEF*

EXZDATA_IN[S0]

DATA_EM
START_IN

CLk
RESET

logiC Pt 802.16e CTC Decoder 0

Component Name |tcc_dec_802_l€e_v4_0 |

rBlock Size

Please antar tha maximum block size for the CTC deceder. Yalid values are 600 or

ADATA_OUTEO]
B0 (bytas),

EDATA_CUTES0]
ER1DATA_QUT[S:0] Maxirum Block Size 600 |+

EX2DATA_OUT[S:0]

rSoft Input Soft Qutput (SISO) Parameters
DATACUT_VALID
START_OUT Increasing the number of decoders will increasa throughput and reduce latency at the

expanse of BRAM: and Slices.

RDYFORELK[ 0]

SIS0 Decoders 4 =

CWERFLOW
Increasing the numbaer of bits will improve Bit Error Rate (BER) and Block Error Rate

({BLER) performance at the expense of Slices and BRAMs, Improvements in BER and

ELER will be negligible once the values pass beyond a certain limit.

Soft Input Data Bits & |'

Extrinsic Data Bits 6 |'

LCenerata LCancal Halp

Table 2: CORE Generator Parameters Descript

Core GUI

GUI Parameter

Block Size

Maximum block size supported by th
60 byte option is used to support the
HARQ mode, while the 600 byte option
mode.

SISO Decoders

Number of Soft Input Soft Output (SISO) Decoe
6, or 8.

Soft Input Data Bits

Number of soft input data bits. Allowed values are 4, 6, or 8
are supported by generating the core with 6 or 8 soft inp
sign extend the incoming data to the core to 6 or 8 bits.

Extrinsic Data Bits

Number of extrinsic data bits. When soft input data bits is 4, allowed valué
soft input data bits is 6, allowed values are 6 or 8. When soft input data bits is 8,
allowed values are 8 or 10.

Timing Interface

All core inputs and outputs are synchronous to the clk input. For best results, the inputs to the core
should be driven from registers that are clocked with the rising edge of clk. Likewise, the outputs of the
core should drive registers that are clocked with the rising edge of clk.
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Figure 6 shows a timing diagram for the decoder inputs. Ncode, Numlter, earlyterm, and ex_scale must
be valid by the time start_in pulses High. The start_in signal pulses High for one clock and must occur
with the first data_en of each input code block. The data_en signal is High for each data_in (data_in
represents Adata_in, Bdata_in, Yldata_in, Y2data_in, Wldata_in, W2data_in, EXldata_in, and
EX2data_in) sample to be processed. Although the timing diagram shows data_en High continuously
for a block of time, the decoder also supports an arbitrary data_en pattern.

The Ncode, Numlter, earlyterm and ex_scale signals can change from one block to the next without
ption of the data flow. These signals are latched into the decoder by the start_in pulse and other
strobes. This allows the Ncode, Numlter, earlyterm, and ex_scale parameters to follow the
le block as it is being processed by various stages of the decoder.
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Figure 6: Timing Dia f TC Decoder Inputs

Figure 7 shows a timing diagram for the decoder ot h
first output bit of each decoded block. The dataoutévali
(data_out represents Adata_out, Bdata_out, EX1data_out,
dataout_valid signal can be used as a data enable for
dataout_valid signal bursts High for a duration of N clks. If neces

bined with an external FIFO for further data flow control.

art_out signal pulses High with the
is High for as long as data_out
ata_out) contains valid data. The

clk

data_out

12

|
|
\
|
|
|
|
start_out | I
|

ds634_07_052107

Figure 7: Timing Diagram for CTC Decoder Outputs
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The decoder can accept a new code block only when the output signal rdyforblk (rdyforblk(1) is High
for the 480, 960, 1440, 1920, and 2400 blocks and rdyforblk(0) is High for the remaining blocks). There-
fore, before sending a new code block to the decoder, the user must check that the rdyforblk

signal is High before proceeding. If the user pulses the start_in signal High when the rdyforblk signal
is Low, the operation of the core is corrupted and must be reset before correct operation can resume.
Upon reset, the rdyforblk signal goes High.

If the code block is not one of the last five blocks of the H-ARQ mode, then the decoder can process P
blocks, while a second P code block is being written. Therefore, the rdyforblk(0) signal remains

block is one of the last five blocks of the H-ARQ mode, then the decoder can process one

ile a second code block is being written. Therefore, rdyforblk(1) signal remains High

t start_in pulse. If the first block is still being processed, the rdyforblk(1) signal goes Low
econd start_in pulse.

Itis assu atafrom the code block continues to arrive even though the rdyforblk signal is Low.
Thus, the rdyf@rblk sighal truly is a “ready for block” indicator and not a “ready for data” indicator.

The start_in pu g0 Iigh for only one clock and only once per code block.
After the decoder fin @

High and remains Hig

ingathe first code block to the output buffer, the rdyforblk signal goes
start_in pulse arrives (assuming the second code block is still
being processed). This sequgfice of eyents repeats for each subsequent input block.

Latency

The latency of the decoder is a functi e
processors, and the clock frequency. It is al nt upon the current state of the decoder. In par-
e large if the decoder is still iterating on the
previous code block. In other words, part of th for the new code block is attributed to waiting

for the decoder to finish iterating on the previous

In some cases, the decoder finishes iterating on the pr ock before the new code block is
completely written to the input buffer. In these cases, the input is the bottleneck, and the decod-

ing latency for a given block is the same as the first block lat

pf clocks from the time the
e first co lock is coming
quation 1.

The latency of the IEEE 802.16e CTC decoder core is defined as the
last sample of the first code block is received to the time the first sa
out of the decoder. Latency in terms of number of clocks is given by

L= 2NI-[2N’ + C]+25
ion 1
where N; is the number of iterations, N' is the data block size in pairs (N) divided by the number of
SISOs (Ns), when N is equal to 480, 960, 1440, 1920, or 2400 pairs; otherwise N' is the block size in pairs

(N), and C is a constant that is equal to 21 when early termination is disabled; otherwise, C is equal to
25.
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The latency in microseconds is defined as in Equation 2:

Latency = L

clk
Equation 2

where L is the latency in terms of number of clocks and f is the system clock frequency in MHz.

Table 3 shows the latency of the IEEE 802.16e CTC decoder core in ps for all the block sizes versus num-
ber of full iterations and clock frequency when the number of SISOs is two. Table 4 shows the latency of
AEE 802.16e CTC decoder core in ps for all the block sizes versus number of full iterations and clock
when the number of SISOs is four. Table 5 shows the latency of the IEEE 802.16e CTC
ore in s for all the block sizes versus number of full iterations and clock frequency when the
Os is five. The numbers are based on the above two equations. In general, for a fixed

y of the IEEE 802.16e CTC Decoder Core Using Two SISOs

lk = 160 MHz fclk = 190 MHz fclk = 215 MHz
Sileg(zllfl) Latency Latency Latency Latency Latency (ps)
s)Ni=5 | (us)Ni=4 | (us)Ni=5 | (us)Ni=4 Ni=5
24 4.47 3.04 3.76 2.68 3.33
36 4.81 4.05 5.03 3.58 4.44
48 6.01 5.06 6.29 4.47 5.56
72 8.41 7.@ 8.82 6.26 7.79
96 10.81 11.34 8.04 10.02
108 12.01 12.61 8.93 11.14
120 13.21 16.47 13.87 9.83 12.26
144 15.61 19.47 16.39 11.61 14.49
180 19.21 23.97 14.29 17.84
192 20.41 25.47 15.19 18.95
216 22.81 28.47 16.97 21.19
240 25.21 31.47 18 23.42
480 25.21 31.47 21.23 26.50 .76 23.42
960 49.21 61.47 41.44 51.76 36.62
1440 73.21 91.47 61.65 77.03 54.48
1920 97.21 121.47 81.86 102.29 7
2400 121.21 151.47 102.07 127.55 90.20
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Table 4: Latency of the IEEE 802.16e CTC Decoder Core Using Four SISOs

Data felk = 160 MHz felk = 190 MHz felk = 215 MHz
S?zlgr(:llfl) Latency Latency Latency Latency Latency Latency (us)
(us)Ni=4 | (us)Ni=5 | (us)Ni=4 | (us)Ni=5 | (us)Ni=4 Ni=5
24 3.61 4.47 3.04 3.76 2.68 3.33
6 4.81 5.97 4.05 5.03 3.58 4.44
6.01 7.47 5.06 6.29 4.47 5.56
8.41 10.47 7.08 8.82 6.26 7.79
® 108 13.47 9.10 11.34 8.04 10.02

12.01 14.97 10.11 12.61 8.93 11.14
.21 16.47 11.12 13.87 9.83 12.26

19.47 13.14 16.39 11.61 14.49
23.97 16.17 20.18 14.29 17.84
192 25.47 17.18 21.45 15.19 18.95
216 19.21 23.97 16.97 21.19
240 25.21 21.23 26.50 18.76 23.42
480 13.21 1.12 13.87 9.83 12.26
960 25.21 21“ 26.50 18.76 23.42
1440 37.21 39.13 27.69 34.58
1920 49.21 51.76 36.62 45.74
2400 61.21 76.47 64.39 45.55 56.91
Table 5: Latency of the IEEE 802.16e CTC Dec Using Five SISOs
Data felk = 160 MHz fel felk = 215 MHz
Sliazlg?l'fl) Latency Latency Latency Latency | Latency (ps)
(us)Ni=4 | (us)Ni=5 | (us)Ni=4 Y Nb= 4 Ni=5
24 3.61 4.47 3.04 3.76 .68 3.33
36 4.81 5.97 4.05 5.03 3.58 4.44
48 6.01 7.47 5.06 6.29 447 .56
72 8.41 10.47 7.08 8.82
96 10.81 13.47 9.10 11.34 8.04
108 12.01 14.97 10.11 12.61 8.93 11.14
120 13.21 16.47 11.12 13.87 9.83 12.26
144 15.61 19.47 13.14 16.39 11.61 14.49
180 19.21 23.97 16.17 20.18 14.29 17.84
192 20.41 25.47 17.18 21.45 15.19 18.95
216 22.81 28.47 19.21 23.97 16.97 21.19
10 www.xilinx.com DS634 December 2, 2009
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Table 5: Latency of the IEEE 802.16e CTC Decoder Core Using Five SISOs (Cont'd)

Data fclk =160 MHz fclk = 190 MHz fclk = 215 MHz
Sliazlg(zllfl) Latency Latency Latency Latency Latency | Latency (us)
(us) Ni = (ps) Ni = (us) Ni = (ps) Ni = (us) Ni = Ni=5
240 25.21 31.47 21.23 26.50 18.76 23.42
480 10.81 13.47 9.10 11.34 8.04 10.02
20.41 25.47 17.18 21.45 15.19 18.95
30.01 37.47 25.27 31.55 22.33 27.88
39.61 49.47 33.35 41.66 29.47 36.81
’ 49.21 61.47 41.44 51.76 36.62 45.74

The ac&
Equation

rmation Data Rate

ation bit rate (R,) in Mbps of the IEEE 802.16e CTC decoder core is given by

where Ng is the numb

N is equal to 480, 960, 1440,

into the output buffer. Latency for t

where N; is the number of iterations, N' is the da
SISOs (Ns), when N is equal to 480, 960, 1440, 1920,
(N), and Cis a constant that is equal to 21 when early t

Table 6 shows the decoded information bit rate of the IEE
block sizes versus number of full iterations and clock frequ
Table 7 shows the decoded information bit rate of the IEEE 802.16

block sizes versus number of full iterations and clock frequency when the nu
numbers are based on Equation 3 and Equation 4. In general, for a fixed
decoded information bit rate is increased by using more SISOs and higher syste

la

pai

T to
CT

2N

Ay = N -

)fclk

Equation 3

is the block size in pairs (N) divided by the number of SISOs when
; otherwise, N' is the block size in pairs (N), f is the sys-

y ofaithe decoder from the time the last sample of the first

r core is given by Equation 4.

e time the last sample of the first code block is written

Equation 4

Table 6: Decoded Data Rate of the IEEE 802.16e CTC Decoder Core Using Two SISOs

in pairs (N) divided by the number of
aotherwise, N' is the block size in pairs
isabled; otherwise C is equal to 25.

decoder core in Mbps for all

umber of SISOs is two.

SISOs is four.
indMbps for all

fclk = 160 MHz fclk = 190 MHz fclk = 215 MHz
Data Block
: Ry, Ry, Ry, Rp Ry, Ry,
Size (N) (Mbps) (Mbps) (Mbps) (Mbps) (Mbps) (Mbps)
24 27.23 21.88 32.34 25.98 36.60 29.40
36 30.48 24.46 36.19 29.04 40.95 32.87
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Table 6: Decoded Data Rate of the IEEE 802.16e CTC Decoder Core Using Two SISOs (Cont’d)

felk = 160 MHz felk = 190 MHz felk = 215 MHz
G SN S B S R B S
ps) (Mbps) (Mbps) (Mbps) (Mbps) (Mbps)
i = i = i = i = i = N;=5
48 32.41 25.99 38.48 30.86 43.54 34.92
34.59 27.73 41.08 32.92 46.49 37.26
35.80 28.68 42.52 34.06 48.11 38.54
36.23 29.02 43.02 34.46 48.68 38.99
36.57 29.29 43.43 34.78 49.14 39.36
37.10 29.71 44.06 35.28 49.86 39.92
37.65 30.14 44.71 35.79 50.59 40.50
30.25 44.87 35.92 50.77 40.65
30.44 45.15 36.14 51.09 40.90
240 30.59 45.37 36.32 51.34 41.10
480 30.59 45.37 36.32 51.34 41.10
960 39 46.41 37.14 52.52 42.03
1440 39.38 46.77 37.42 52.92 42.35
1920 39.54 #4695 37.57 53.13 42.51
2400 39.63 37.65 53.25 42.61

Table 7: Decoded Data Rate of the IEEE

fclk = 160 MHz fclk = 215 MHz
Data Block
Size(N) | (MbBs) | (Mbbs) (Mbds) | (Mbgs)
i= i= N; = Ni=5
24 54.47 43.76 7319 58.80
36 60.95 48.92 Nde1.90 65.73
48 64.81 51.98 87.09 69.85
72 69.19 55.45 82.16 65.85 74.51
96 71.61 57.37 85.03 68.12
108 72.45 58.04 86.04 68.92
120 73.14 58.58 86.86 69.57
144 74.20 59.42 88.12 70.56 99.71 79.85
180 75.29 60.28 89.41 71.59 101.18 81.00
192 75.57 60.50 89.74 71.85 101.55 81.30
216 76.04 60.87 90.30 72.29 102.18 81.80
240 76.42 61.17 90.75 72.64 102.69 82.20
480 73.14 58.58 86.86 69.57 98.29 78.72
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Table 7: Decoded Data Rate of the IEEE 802.16e CTC Decoder Core Using Four SISOs (Contd)

fclk = 160 MHz fclk = 190 MHz fclk = 215 MHz
Data Block
Size (N) (MRb'Bs) (M%Bs) (MFI;BS) (MRst) (MRb'Bs) (MFI;BS)
i=4 N;=5 N;=4 N;=5 N;=4 N;=5
960 76.42 61.17 90.75 72.64 102.69 82.20
1440 77.58 62.09 92.12 73.73 104.24 83.43
20 78.17 62.55 92.82 74.28 105.04 84.06
78.53 62.84 93.25 74.62 105.52 84.44

fclk = 160 MHz fclk = 190 MHz fclk = 215 MHz
Ry Rp Ry Ry Rp
(Mbps) (Mbps) (Mbps) (Mbps) (Mbps)
1= 1= 1= 1= 1=
24 54.70 80.85 64.96 91.49 73.50
36 7 90.48 72.61 102.38 82.17
48 81 96.20 77.16 108.86 87.31
72 86.49 102.70 82.31 116.22 93.14
96 89.51 06.29 85.15 120.28 96.36
108 90.57 7 86.15 121.70 97.48
120 91.43 73.2 86.96 122.86 98.40
144 92.75 74.27 88.20 124.64 99.81
180 94.12 75.35 89.48 126.47 101.26
192 94.46 75.63 11 126.94 101.62
216 95.05 76.09 112.8 127.72 102.25
240 95.52 76.46 113.43 102.75
480 89.51 71.71 106.29 96.36
960 94.46 75.63 112.18 101.62
1440 96.24 77.03 114.29
1920 97.15 77.75 115.37
2400 97.71 78.19 116.03
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Figure 8 shows the decoded information bit rate of the IEEE 802.16e CTC decoder core (in Mbps) with
five iterations using two SISOs at 160 MHz clock frequency when early termination scheme 2 is
enabled. The curves show the decoded information bit rate for different blocks measured in hardware
using the test bench described in the design verification section. The decoded information bit rate is
scaled linearly with the number of SISOs even when early termination is enabled.

IEEE 802.16e CTC Decoder Throughput
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Figure 8:“Deco ation Data Rate with Five Iterations
Resource Utilization and*St iming

The following resource utilization es
mation. The size of the CTC decoder core

n 6-bits soft data input and 6-bits extrinsic infor-
the number of SISOs that are used (Nj).

are given by the Xilinx ISE 8.1 software when tar g the@XC4VLX60 device. Table 11 and Table 12
show the resource utilization estimates of the IE decoder core that are given by the
Xilinx ISE 9.1 software when targeting the XC5VLX8§7de resource utilization estimates of
Virtex-6 and Spartan-6 are similar to that of Virtex-5.

Table 13 shows the static timing results of the IEEE 802.16e dg
software (PRODUCTION 1.58 2006-02-24, STEPPING level 1). Table
of the IEEE 802.16e CTC decoder core using the Xilinx ISE 9.1 softw
STEPPING level 0). Table 15 shows the static timing results of the IEEE
the Xilinx ISE 11.1 software (PREVIEW 0.63 2009-04-27). Table 16 shows the st
the Xilinx ISE 11.1 software (ADVANCED 0.94 2009-04-27).

Note: The resource utilization and static timing results can change slightly by using differ:
targeting different devices.
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Table 9: Resource Utilization When the Largest Block Size is 2400 Pairs (600 Bytes) Targeting a

Virtex-4 FPGA

Numper of 1o LUTs FFs Slices Bk DSP48s
1 111 4,070 3,879 2,664 63 2
2 111 8,366 7,482 5,153 60 4
3 111 12,588 10,855 7,591 51 6
111 16,569 14,256 9,901 68 8
0 111 20,850 17,493 12,383 50 10
6 111 25,181 20,859 14,881 60 12
111 33,510 27,639 19,721 80 16
Table tilization When the Largest Block Size is 240 Pairs (60 Bytes) Targeting a
Virtex-4 FPGA
Numper of Slices Bock DSP48s
1 2,477 8 2
2 4,626 16 4
3 6,819 24 6
4 8,959 32 8
5 11,139 40 10
6 13,301 48 12
8 29,717 17,628 64 16

Table 11: Resource Utilization When the Large
a Virtex-5 FPGA

2400 Pairs (600 Bytes) Targeting

Number of I/Os LUTs FFs ice RO | DSPass
s AMs

1 111 3,505 3,881 1,2 63 or 32 2

2 111 7,211 7,479 2,429 60 or 4

3 111 10,766 10,851 3,803 5 26 6

4 111 14,300 14,245 4,478 68 or,

5 111 17,742 17,495 5,420 50 or 25 10

6 111 21,558 20,842 6,078 60 or 30 12

8 111 28,543 27,623 8,575 80 or 40 16
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Table 12: Resource Utilization when the Largest Block Size is 240 Pairs (60 Bytes) Targeting

a Virtex-5 FPGA

Numper of I/Os LUTs FFs Stices |  Block " | DSPass
s RAMs
1 107 3,369 3,638 1,089 9or5 2
2 107 6,611 6,767 2,008 18 0or9 4
107 9,839 9,891 2,886 27 or 14 6
107 13,063 12,945 3,948 36 or18 8
107 16,325 16,133 5,166 45 or 23 10
107 19,549 19,158 5,533 54 or 27 12
107 26,034 25,490 7,748 72 or 36 16

Table 13:

TC Decoder Core Static Timing Results Targeting a Virtex-4 FPGA

Clock Speed (MHz)

162.443

191.132

Xilinx FPGA

XC5VLX85 -1

216.029

Clock Speed (MHz)

XC5VLX85 -2

196.040

225.327

XC5VLX85 -3

Table 15: |IEEE 802.16e CTC Decoder Core Static Timi

(PREVIEW 0.63 2009-04-27)

245.459

Xilinx FPGA Speed (MHz)
XCBVLX75T-1
XCBVLX75T-2 255.102
XCBVLX75T-3 286.0:

Table 16: IEEE 802.16e CTC Decoder Core Static Timing results Targeting a"Sparta GA
Xilinx FPGA Clock Speed (MHz)
XCBSLX45T-2 111.161
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Design Verification

The decoder core was verified through VHDL simulation and hardware testing. Self-checking VHDL
test benches were written for many of the design submodules. For example, the SISO design was veri-
fied by comparing the output of the VHDL SISO model to that of a bit-true MATLAB® model of the
SISO with the same stimulus.

In addition to verifying the function of each subdesign, the top-level decoder design was also verified
ifh a self-checking test bench. The bit-true MATLAB model was used to generate files of input stimu-

nodel Qutput vectors read from a file.

, esting of the decoder core was performed using the ML402 Prototyping Board populated
wit 35-10 device. A hardware test bench was developed to test the BER performance of the
decodeyl on to the decoder core, the hardware test bench contains an LESR-based data genera-
tor, the Xilinx) IE 2.16e CTC Encoder core and the Xilinx AWGN core. It also contains other cir-
cuitry reqtiire make BER measurements, such as an adder, a bit counter, and an error counter. A
simplified blogk diagram of the hardware test bench is shown in Figure 9.

In addition to the pre
quantizes the signal p
data signal is assumed to'be'n
by 8 (3 fractional bits), roun

entioned circuitry, the hardware test bench also contains a block that
into the 6-bit two’s complement data expected by the decoder. The
to =1. The quantization circuit scales the signal plus noise data
o the nearest integer, then hard limits to +31 (6 total bits).

IEEE 802.16e
—— CTC
Encoder

IEEE 802.16e
——— CTC
Decoder

BER
Circuitry

Info
Source

ds137_07_0521207

Figure 9: Block Dia ardware Test Bench

Speed and Power Consumption Meas

Speed and power consumption measurements of the CTC [dec
Virtex-5 FF676 FPGA AFX Prototyping Board populated wi

re were performed using the
device. The same hard-

Table 17: IEEE 802.16e CTC Decoder Core Power Consumption at Fixed Decoding Rate

Dynamic Power

Number of Iterations

Decoded Data Rate

Consumption (mW)

1

49

178

2

49

356
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Table 17: IEEE 802.16e CTC Decoder Core Power Consumption at Fixed Decoding Rate

Number of Iterations Decoded Data Rate c c?nysnuar:mngfi gr?‘zvrng)
3 49 536
4 49 717
5 49 897

: IEEE 802.16e CTC Decoder Core Power Consumption at Maximum Decoding Rate

'°3 of lterations Deco“ggéirg:tr: Rate CoEgS %ﬁfamm%
93.61 1,350
74.93 1,351
62.47 1,350

using the hardware test bench described in "Design Verification." At the
itlerrors counted was generally over 4,000. At the higher SNRs, the mini-
000. The BER results were based on 6-bits input data (3 fractional
and 10-bits accumulated state metric. Figure 10 shows the BER
performance of the IEEE 802716e dgéode e using rate 1/2 code and block size 240 pairs versus the
number of iterations. Figure 11 sifows rformance of the IEEE 802.16e decoder core using rate

1/3 code and block size 240 pairs vefsus thénumber of iterations.

IEEE 802.16e CT g Performance

1.00E+00

i
1.00E-01 4

1.00E-02

1.00E-03 - \E\ \S\ —=— 1 iteration

—z— 2 iterations

1.00E-04 -

1.00E-05 % E\
S

N

1.00E-07 | g

AN
1.00E-08 j \E B
1.00E-09

0 0.5 1 15 2 25 3 35 4 4.5 5 55 6

—a— 3 iterations

BER

Eb/No (dB)

Figure 10: BER Performance of Rate 1/2 CTC Code with Block Size N = 240
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IEEE 802.16e CTC Coding Performance
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Figure 11: BER Perf Rate 1/3 CTC Code with Block Size N = 240

Support

Xilinx provides technical support at w
as described in the product documentatio
product if implemented in devices that are no
that allowed in the product documentation, or if c
DO NOT MODIFY.

Refer to the IP Release Notes Guide (XTP025) for further inf n this core. There will be a link to
all the DSP IP and then to the relevant core being designedWith.

support for this LogiCORE product when used
of guarantee timing, functionality, or support of

es and Known Issues list
of the core;

For each core, there is a master Answer Record that contains the R
for the core being used. The following information is listed for eac
e New Features

e Bug Fixes

e Known Issues

Ordering Information

France Telecom, for itself and certain other parties, claims certain intellectual property rights covering
Turbo Codes technology, and has decided to license these rights under a licensing program called the
Turbo Codes Licensing Program. Supply of this IP core does not convey a license nor imply any right to
use any Turbo Codes patents owned by France Telecom, TDF or GET. Contact France Telecom for infor-
mation about its Turbo Codes Licensing Program at the following address:
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France Telecom R&D

VAT /TURBOCODES

38, rue du Général Leclerc
92794 Issy Moulineaux
Cedex 9

France

The fixed netlist version of the core is provided under the LogiCORE IP Site LIcense Agreement. A free

S ccze, contact your local sales representative.

on additional Xilinx LogiCORE IP modules is available on the Xilinx IP Center.

Date
10/10/07
09/19/08
06/24/09
12/02/09

Revision

Notice of Disclaimer

Xilinx is providing this product documentatio: i ‘Information,” to you “AS1S” with no warranty of any
kind, express or implied. Xilinx makes no represent. e Information, or any particular implementation
thereof, is free from any claims of infringement. Yo onsiblg for obtaining any rights you may require for
any implementation based on the Information. All spe re subject to change without notice. XILINX
EXPRESSLY DISCLAIMS ANY WARRANTY WHATSO T PECT TO THE ADEQUACY OF THE
INFORMATION OR ANY IMPLEMENTATION BASED TH DING BUT NOT LIMITED TO ANY
WARRANTIES OR REPRESENTATIONS THAT THIS IMPL ON IS FREE FROM CLAIMS OF
INFRINGEMENT AND ANY IMPLIED WARRANTIES OF IABILITYX, OR FITNESS FOR A
PARTICULAR PURPOSE. Except as stated herein, none of the Tnfoy ) be copied, reproduced,
distributed, republished, downloaded, displayed, posted, or transmitted or by any means including,
but not limited to, electronic, mechanical, photocopying, recording, or othe thout the prigr written consent
of Xilinx.
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