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Introduction

TurboConcept's TC4200 _enc is a high speed Low DerRarity Check code (LDPC) encoder
compliant with the IEEE 802.16e specifications uedWiMAX systems. The Core is a stand-alone
module, with no external memory needs. It is addldor mainstream FPGA or ASIC device targets.
The Core covers the entire WIMAX LDPC specificadi], in terms of block size and code rate.
Block size and code rate can be switched on a Higeidock basis.

This document gives the functional and interfacspgcifications. Actual device resource usages are
provided in the device-dependant companion docletiens.
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1 General description

1.1 Functional overview

The Core is compliant with the LDPC code specifaragiven in 802.16e documentation [1] section
8.4.9.2.5 (“Low Density Parity Check code (optighal

The detailed specification of the encoding proa@ssbe found in this reference documentation and is
not recalled here.

TC4200_enc performs the corresponding LDPC encodhngure 1 displays the functional block
diagram of the Core.
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Figure 1: Functional block diagram

The Data Input Interface is used to give to theeGbek payload bits of the current frame to encode.
The Data Output Interface gives the encoding resnltthe form ofk systematic payload bits
concatenated with-k redundancy bits.

The Core is monitored and controlled through dddataonfiguration pins.

The following Control facilities are available:

- WIMAX LDPC coding matrix

- Block size
These settings can be changed dynamically for éache. TC4200 enc can therefore be easily
implemented in an adaptive modulation and codirsfiesy.

The following Monitoring facility is available:
- An IDLE signal for the entire core. This signal d@used for power reduction management.

1.2 Codes supported

Table 1 gives the rates and block sizes suppoftesl Core covers the complete set of cases defined i
[1]. Please refer to [1] for details on the “expandactor”.
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Expansion factor Coded Block size n (bits) LDPC caglrates

24 576 1/2, 2/3A, 2/3B, 3/4A, 3/4B, 5/6
28 672 1/2, 2/3A, 2/3B, 3/4A, 3/4B, 5/6
32 768 1/2, 2/3A, 2/3B, 3/4A, 3/4B, 5/6
36 864 1/2, 2/3A, 2/3B, 3/4A, 3/4B, 5/6
40 960 1/2, 2/3A, 2/3B, 3/4A, 3/4B, 5/6
44 1056 1/2, 2/3A, 2/3B, 3/4A, 3/4B, 5/6
48 1152 1/2, 2/3A, 2/3B, 3/4A, 3/4B, 5/6
52 1248 1/2, 2/3A, 2/3B, 3/4A, 3/4B, 5/6
56 1344 1/2, 2/3A, 2/3B, 3/4A, 3/4B, 5/6
60 1440 1/2, 2/3A, 2/3B, 3/4A, 3/4B, 5/6
64 1536 1/2, 2/3A, 2/3B, 3/4A, 3/4B, 5/6
68 1632 1/2, 2/3A, 2/3B, 3/4A, 3/4B, 5/6
72 1728 1/2, 2/3A, 2/3B, 3/4A, 3/4B, 5/6
76 1824 1/2, 2/3A, 2/3B, 3/4A, 3/4B, 5/6
80 1920 1/2, 2/3A, 2/3B, 3/4A, 3/4B, 5/6
84 2016 1/2, 2/3A, 2/3B, 3/4A, 3/4B, 5/6
88 2112 1/2, 2/3A, 2/3B, 3/4A, 3/4B, 5/6
92 2208 1/2, 2/3A, 2/3B, 3/4A, 3/4B, 5/6
96 2304 1/2, 2/3A, 2/3B, 3/4A, 3/4B, 5/6

Table 1: Frame size and code rate supported
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2 Detailed description

2.1 Block Diagram
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Figure 2: TC4200_enc block diagram

TC4200_enc is composed of the following modules:
* Aninput module handling the input interface usihgystematic bits in parallel
* An encoder module
* An output module handling a 4 bit parallel outputiface
A /O and configuration module, handling the configtion and interfacing the TC4200_enc
core with the external world

2.2 Congestion control

Two signals are used to control the block procegsaird to avoid congestion:

* QRDY (Core input signal) asserted HIGH indicateshte Core that a block can be output

from the Core.

» DRDY (Core output signal) asserted HIGH indicatest the Core is ready to receive a block.
The Core encodes frames on a block per block bagjare 3 shows the dependency between QRDY
and DRDY assertions. DRDY is asserted HIGH once @RRs been asserted HIGH (A). DRDY is
asserted LOW during a frame encoding. DRDY will dsserted HIGH after QRDY is reasserted
HIGH (B or C).
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3 Interfaces and I/Os
This section details the 1/Os pins and the inte$garotocols.

3.1 Global signals

Signal name | Type | Size | Function

CK I 1 Core clock.
Please refer to the applicable application noteriaximum operating
frequency

ARST_N 1 Asynchronous Hardware reset.
Active LOW.

Table 2: Global signals

3.2 Data input interface

3.2.1 Signals

All signals are considered at rising edge of tleekICK.

Signal name | Type | Size Function

D | 4 Input bits (each sample carries 4 bits).
Format is described in section 3.2.2

DBLK | 1 Block start strobe. Active HIGH.
Indicates a new block

DEN I 1 Enable signal for symbols D
Active HIGH

DLAST I 1 Last data strobe: Active HIGH

Activated synchronously with the current input ildast data.

DRDY (@] 1 Ready for block input start. Active HIGH.

DRDY=HIGH indicates that the Core can accept a hkwk input.
DBLK is ignored if DRDY=LOW.

DRDY is asserted LOW two clock cycles after a vadidobe or
DBLK.

DRDY goes high a few clock cycles after a resetaiien.

Table 3: Input interface signals

3.2.2 Data size and format

Let denote by the emitted code word bits, withn [0, n-1].cy, ..., G are the systematic part of the
code wordgy, ..., G.1 are the redundancy part.

The input data signal D carries a set of 4 gitsin [0, k — 1], according to the correspondence given
Table 4.

The number of D-samples is denoted p.
p=k/4 (k is always an exact multiple of 4)
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symbol index D[3] D[2] D[1] D[O]

0 Co C G Cs

1 Cyq Cs Gs G

j Cyj Caj+1 Cyj2 Cy4j+3

p-1 Ck-4 Ck-3 Ck-2 Ci1

Table 4: Mapping of systematic bits; into signal D

3.2.3 Waveform examples

Figure 4 gives a waveform example of the inputrfatee signals. The input samples are denoigh D
Dp-l.

The signal DRDY falls as indicated, two cycles aftee strobe on DBLK. It rises again after the inpu
data block has been encoded and provided by the &oexplain in section 2.2.

c« LI LTI LT Lo L

D[3-0] X X Dg X Dy X Dy Dp2XDpq X
DBLK /N

DEN

DLAST

DRDY

Figure 4: Input interface waveform example

Note that any pattern on DEN is accepted (onlyttivéal case where no idle cycle is shown in the
figure for simplicity).

Any additional “high” value on signal DBLK occurgnbetween the valid pulse and the following
DRDY rising is ignored.

3.3 Data output interface

3.3.1 Signals
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Signal name| Type | Size | Function
Q (@] 4 Encoded bits — each sample carries 4 bits.

Format is described in section 3.3.2
QBLK @] 1 Block synchronization signal.

Active HIGH.

QBLK is asserted HIGH synchronously with the fivstlid decoded

data.
QEN @) 1 Enable for Q

Active HIGH
QLAST O 1 End of block synchronization signal.

Active HIGH.

QLAST is asserted HIGH synchronously with the tstoded data.
QRDY 1 Ready for output signal.

Active HIGH.

HIGH indicates that a data can be output.

QRDY and DRDY are linked as described in secti@n 2.

Tie HIGH if not used.

Table 5: Output interface signals

3.3.2 Data size and format

The output data signal Q carries a set of 4dits in [0, n-1], according to the correspondence given
in Table 6.

The number of Q-samples is denoted q.

g=n/4 (n is always an exact multiple of 4)

symbol index Q[3] Q2] Ql1] Ql0]
0 Co G C G

1 Cyq Gs Cs G

j Cyj Caj+1 Cyj+2 Cy4j+3
p-1 Ck-a Ck-3 Ck-2 Ck-1

p Ck Ci+1 Ck+2 Ci+3

q -1 Ch-2 Cn-3 Cn-2 Cn-1

Table 6: Output data order

Note that the first p samples on Q are equal t@tb@mples on D, the code being systematic.

3.3.3 Waveform examples

Figure 5 displays the general waveform for the ouipterface. Due to the dataflow mode, QEN will
mimic the DEN signal after a latency lof,s clock cycles for the systematic part. This medwas any
idle cycle on the input interface will be reproddedentically after L, cycles on the output.

The redundancy bits are output in a burst of ggglclycles with no idle cycle between first and las
redundancy symbols.

Once an assertion to HIGH has been set to the Q&&nal, the Core is available for encoding a new
frame as shown with the DRDY assertion to HIGH. BUK assertion to HIGH begins an encoding
process: 2 clock cycles later, the DRDY signalsfad LOW andLs clock cycles later, a QBLK
assertion to HIGH indicates a first systematic data
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QEN is LOW forL,eq clock cycles before a first redundancy sample.

cK JubyuyuuyuyL o Juo U JU L
QB X Qo KO X Q2409 X
QBLK ¥ -
;

QEN '\‘ v k)
QLAST ' VAN
QRDY J\ i o
DRDY 3

DBLK SN g

Figure 5: Output interface waveform example

3.4 Data Sequence

This section summarizes through an example whanhthé and output data sequences are.

Section 3.2.2 (resp. section 3.3.2) describesdlee format for input (resp. output) interface. Niotas
used in these sections also apply in this section.

Example

Let us consider the LDPC code for the rate % A coitle an expansion factor equal to 60. 1440 coded

bits are emitted and 1080 systematic bits are geavias input: 1080 bits are user payload bits, 360
bits are redundancy bits.

The input word is
Co C1 ... GorgCio7o

Then, the input sequence shall be:
D: Do (CoC1CC3) D1 (C4C5C6C7) .. Dagg(Cro7eC107C107eC1079)
And the output sequence will be (user payloadfbltswed by redundancy bits):

Q: Qo (CoC1C2Cs) Q1 (C4CsCsCr) Q69(C1076C1077C1076C1079) Q270(C108C1081C108L1089)
Qs59(Cr436C1437C1436C1439)

symbol index D[3] D[2] D[1] D[O]
0 Q C G Cs

1 G G Cs Cr

[ Cuira Cair2 Cair1 Cai
269 Govs Cio77 Cio7s Cio79

Table 7: input sequence for rate ¥, 1440 coded bits

www.turboconcept.com
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symbol index Q[3] Q[2] Q[1] Q0]

0 Q C G Cs

1 G Cs Cs Cr

[ Caira Cair2 Cair1 Cai

269 Govs Cio77 Cio7s Cio79

359 Ga3e C1437 C1438 Ci439

Table 8: output sequence for rate %, 1440 coded bit

3.5 Configuration and monitoring interface
The configuration and monitoring interface is maxfe3 (2 for configurations, 1 for monitoring)

dedicated signals.

3.5.1 Signals
Signal name Type| Size Function
RATE I 3 Rate signal:
“000” for rate = 1/2
“010” forrate = 2/3 A
“011” forrate =2/3 B
“100” for rate = 3/4 A
“101” for rate = 3/4 B
“110” for rate = 5/6
EXP_FACT_INDEX]| | 5 Index for expansion factor. Unsigned value Rafrgm
O0to 18
The actual expansion factor is 24 |+
4*EXP_FACT_INDEX

Table 9: Configuration interface signals

Signal name Type| Size Function

IDLE O 1 Flag:
- 1l:thecoreisidle
- 0: the core is busy

This flag might be useful for power management

Table 10: Monitoring interface signals

Table 11 provides the actual correspondence betiveeiXP_FACT INDEX configuration signal
and the expansion factor and the coded block sibés.
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EXP_FACT INDEX Expansion factor Coded block size r(bits)
0 24 576
1 28 672
2 32 768
3 36 864
4 40 960
5 44 1056
6 48 1152
7 52 1248
8 56 1344
9 60 1440
10 64 1536
11 68 1632
12 72 1728
13 76 1824
14 80 1920
15 84 2016
16 88 2112
17 92 2208
18 96 2304

Table 11: Expansion factor and index correspondence

3.5.2 Protocol

The configuration is registered synchronously withvalid DBLK flag. Figure 6 illustrates the
configuration protocol. R Efy (resp. R, Ef;) are linked to block #0 (resp. block #1)

CK JU U UL JU L
DRDY Ve
DBLK /N SN
RATE[2:0] X ¥Ry X X
EXP FACT INDEX[4-0] X XEfg X CXEG X X

Figure 6: Configuration waveform
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