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Features

Drop-in module for Spartan®-6, Spartan-3E,
Spartan-3A A3AN/3A DSP, Spartan-3, Virtex®-6,
Virtex-5 g tex-4 FPGAs

EE 802.16e Wireless MAN
e@oder specification [1]

-QAM modulation
ARQ (HARQ)

ry for maximum

Multiplexed synibol
throughput

Simultaneous C; and Cjencodi

Pipelined data paths for s

Flexible interfacing by means @ @ camtrol

signals
Designed for minimum area and ma

Available using the CORE Generator™ s

v11.1, which is included with the ISE™ v11.1 §@ols

Applications

The Convolutional Turbo Code (CTC) encoder meets
the Wireless MAN OFDMA PHY CTC encoder specifi-
cation of the IEEE 802.16e standard [1] and supports the
optional hybrid ARQ (HARQ).

General Description

The theory of operation of the Turbo Codes is described
in the paper by Berrou, Glavieux, and Thitimajshima

2.

The CTC Encoder core is a parallelized implementation
of the convolutional turbo coder specified by the IEEE
802.16e Wireless MAN OFDMA PHY CTC encoder
specification [1].

The input and output ports of the CTC encoder core are
shown in Figure 1.
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Figure 1: Pinout
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Two constituent encoders perform C1 (uninterleaved) and C2 (interleaved) encoding. Two other con-
volutional encoders are employed as precoders that calculate the circulation states for the two main
encoders. The constituent encoders are described later in this data sheet.

A triple-buffered rotating memory bank permits C1 and C2 encoding, and the calculation of the circu-
lation states all to be performed simultaneously for maximum data throughput.

The encoder block size can be changed on a block-by-block basis, using the BLK_SIZE input port. All
sizes specified by the 802.16e standard, ranging from 6 to 600 bytes are supported.

handshaking is facilitated by the FD_IN input port and the output ports RDY, BLK_START,
, and RFFD.

d gntal specification of the encoder, including block sizes, determination of the circulation

ates, the interleaver specification can be found in the IEEE 802.16e standard[1].

Input/ Ports
The I/ sic configuration are summarized in Table 1 and described below.
Table 1: 1/O Ports, Basie/Configuration
Port
Pin Width Description
its)
First Data. When sampled High on an active rising clock
FD_IN . .
edie, the encoding process is started.
Input synchronous Clear. When this is asserted (High), the
ACLR .
(optional) pder asynchronously resets.
Input nous Clear. When sampled High on an active rising
SCLR . 1 .
(optional) the encoder is reset.
CE Input en Low, rising clock edges are ignored and
h 1 .
(optional) the c¢ its current state.
CLK Input 1
BLK_SIZE Input 10
DATA_IN_A Input 1
DATA_IN_B Input 1
SYST_A Output 1
SYST_B Output 1
PAR_Y1 Output 1 RSC1 Parity Y. The Y parity output from RSC1.
PAR_W1 Output 1 RSC1 Parity W. The W parity output from RSC1.
PAR_Y2 Output 1 RSC2 Parity Y. The Y parity output from RSC2.
PAR_W2 Output 1 RSC2 Parity W. The W parity output from RSC2.
REFD Output 1 Read.y for First Data. When the output asserted (High), the
core is ready to start another encoder operation.
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Table 1: 1/0 Ports, Basic Configuration (Continued)

Port
Pin Sense Width Description
(bits)
RDY Output 1 Ready. The output is asserted (High) when there is valid data
on the systematic and parity outputs.
Block Start. The output is asserted (High) for one clock cycle
START Output 1 to signal the start of a valid block on the systematic and parity
outputs.
Block Start. The output is asserted (High) for one clock cycle
D 0 Output 1 to signal the end of a valid block on the systematic and parity
outputs.
As lear (ACLR)
The 2 t'port is optional. When ACLR is driven High, the core resets to its initial state and is
ready to sgf@newiblock. Following the initial configuration of the FPGA, the core is automatically
in the reset stat€, so noffurther ACLR is required before an encoding operation can take place. ACLR is
the only async Sd the core.
Clock (CLK)
With the exception of as r s alear, all operations of the core are synchronized to the rising edge
of CLK. If the optional CE pif¥is enabléd, tive rising clock edge occurs only when CE is High.
Clock Enable (CE) 14
Clock enable is an optional input t s uged to enable the synchronous operation of the core.

When CE is High, a rising edge of CLK48"acteéd"upomby the core, but if CE is Low, the core remains in
its current state. An active, rising clock edge’is on which CE (if enabled) is sampled High.

Synchronous Clear (SCLR)

The SCLR signal is optional. When SCLR is sample
to its initial state and is ready to process a new block.
the core is automatically in the reset state; no further SCLR i
take place. If the CE input port is selected, the SCLR is igno

tive rising clock edge, the core is reset
initial configuration of the FPGA,
before an encoding operation can

Data Input Ports (DATA_IN_A / DATA_IN_B)

The DATA_IN ports are mandatory input ports that carry the unenc double-bi
The input process is started with a First Data (FD_IN) signal. When FD_INis sa
on the DATA_IN_A port is the MSB of the first byte of unencoded data. Data
into the DATA_IN port on a clock-by-clock basis. BLK_SIZE*4 clock cycles
input each block.

data couples.
igh, the value

First Data (FD_IN)

FD_IN is a mandatory input port, which is used to start the encoder operation. When FD_IN is sam-
pled High on an active rising clock edge, the first data couple is read from the DATA_ IN_A and
DATA_IN_B ports, and the block size is read from the BLK_SIZE port. The core then continues loading
data until a complete block has been input.

The FD_IN input should only be asserted when the RFFD output is High (see below). If FD_IN is sam-
pled High when RFFD is Low, this is an abort condition, and the behavior of the core is not specified.
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Ready for First Data (RFFD)

Alogic High on RFFD indicates that the core is ready to accept an FD_IN signal to start a new encoding
operation. When an FD_IN signal is sampled High, the RFFD signal goes Low and remains Low until
it is safe to start another block.

Block Size (BLK_SIZE)
This 10-bit input port determines the size, in bytes, of the block of data that is about to be written into

ticgata Output (SYST_A/SYST_B)

d SYST_B are mandatory output ports, which are delayed versions of the uninterleaved
input data, DATA_IN_A and DATA_IN_B, respectively.

Y Output (PAR_Y1)

PAR_YT a output port, which is the Y output of the Constituent Encoder RSC1.
PAR_W1)

port, which is the W output of the Constituent Encoder RSC1.

RSC1 Parity W Outp

PAR_W1 is a mandato
RSC2 Parity Y Outp
PAR_Y2 is a mandatory outp@fport, Which is the Y output of the Constituent Encoder RSC2.
RSC2 Parity W Output (PAR_W, ¢

PAR_W?2 is a mandatory output portgwhichds'the W output of the Constituent Encoder RSC2.
Ready (RDY)

RDY is a mandatory output port, which is drive hen there is valid data on the SYSTEMATIC

and PARITY output ports

Block Start (BLK_START)

BLK_START is a mandatory output port, which is dri : e clock period corresponding to
the first valid output sample of a given block on the SYSTE A > a RITY output ports
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Functional Description

Constituent Encoder

The schematic of the constituent encoder and the polynomials for the first register input X and parity
outputs Y and W are shown in Figure 2.

+ - S2 83 |
<
-«

-
Y
- W

* 2 3 3

X(D) =1+D+D (D= 1+D“+D WD) = 1+D
Figure 2: SC ituent Encoder
The constituent encoder produces a double-bin, r Recursive Systematic Convolutional

(CRSC) code. This code is more efficient than a bas
because it does not require three tail bit periods to flu
the CRSC is pre-loaded with a circulation state at the start o

tematic Convolutional (RSC) code,

The CRSC is double-binary. It handles two data bits at a time, and
input bits.

1. Initialize the encoder to state 0. Encode the input sequence (in either interledved leaved
order as required), and obtain the final state of the encoder.

2. Apply alook up table to obtain the circulation state.

In the CTC encoder core, the above operations are performed in parallel by the two precoders.
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Internal Architecture

The internal architecture of the core is shown in Figure 3.

BLK_SIZE: SN
FD_IN Double-binary
- M1_DOUTA—» data couple
DATA_IN(A:B) DINA mg—gggﬁ—'j—’ PRECODER 1 st
M1_DOUTB—
M'l M2_DOUTB——  |— PRECODER 2

M3_DOUTB— CS2

M1_DOUTA

M1_DOUTB Interleaver

- (Precoder)
‘ —* DINA - - ROY
MEMORY TIMING P BLK_START
M2 CONTROL « | CONTROL = RFFD
M2_DOUTA
M2_DOUTB
Interleaver (Main) |

M1_DOUTB —— P PAR_Y2
M2_DOUTB— ENCODER RSC2 - PAR_W2
M3_DOUTB—
M1_DOUTA —— : —®»PAR_Y1
M2_DOUTA —— ENCODER RSC1 —— = PAR_W1

M3_DOUTA —»

Memory Bank

L SYST A
\—>SYST_B

*

Figure 3:4CTC Engoder Structure

The sequence of input data couples is written iif6 on€0f three dual-port memory buffers, while data
from the other two dual-port memories are streamgd out togffte precoders and the encoders. The three
dual-port memories are rotated every block.

Data couples read out of the DOUTA ports of the memor} in uninterleaved (natural) order,

whereas those read from the DOUTB ports are in interleaved

Triple-buffering for Maximum Throughput

As described previously, the encoder employs six parallel outputs, and@triple-buffexéd'memory archi-
tecture for maximum throughput. Figure 4 illustrates the utilization of the thregfmem M1, M2,
and M3, and the effects on throughput of changing the block size.

The throughput is at a maximum if the block size is constant, as in Figure 4(a). Infthis utput
data is continuous, with the exception that due to internal delays there is a 4-cycle gap every third
block. This is signalled on the output side by a Low on RDY and on the input side by a delay in RFFD of
five cycles once every third block.

Figure 4(b) shows the effect of increasing the block size. Since it takes longer to write a large block into
memory than it does to read a smaller one out, the memory controller needs to wait for the larger block
to be written before it can rotate the buffers. This causes a gap in the output data, which is signalled by
a Low on RDY.
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Figure 4(c) shows the effect of decreasing the block size. Since it takes longer to read a large block out
of memory than it does to write smaller one in, the memory controller needs to wait for the larger block
to be read out before it can rotate the buffers. To avoid overrun on the input, RFFD is held Low until the
memory read operation has completed.

Memory utilization for constant block size (N)

RDY ~ I U

b) Memory utilizatie Q easing block size (n to N, where N > n)

FD_IN_ _ _| |

DATA_IN” ~<EENSH M1
WRITE

PRECODER™ ~
READ

ENCODER™ < nMi [AVeIINeE V1
READ

RDY ~ ]

¢) Memory utilization for decreasing block size (N to n,

FD_IN_ _ | | | [ [

DATA_IN” ~
WRITE

PRECODER~ ~
READ

ENCODER™ ~ T NMi SN N i o
READ

RDY 1 1] U _ -

Figure 4: Triple-Buffering Memory Utilization
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Input Control Signals
Figure 5 shows the signals associated with the data input side of the core.

When FD_IN is sampled High on an active rising edge of CLK, the RFFD signal is driven Low to indi-
cate that the core is no longer waiting for FD_IN. The block size (in bytes), in this case 11/4, of the current
input block is sampled on the BLK_SIZE port, and the first data couple, A0 and B0, is sampled on the
DATA_IN ports.

ore continues to input data until # new data couples have been accepted, and then the core stops
o the DATA_IN ports.

e ccx is ready to accept a new block of data, RFFD is driven High.

asgéfting RFFD, the core waits until the next FD_IN pulse, and then a new write cycle is started,
ith block size m/4.

------ (/S0 T3 G 0 SEEERS
SRR ) (=) €0 D €3, G SRR
- e o (e @ Y ) - -
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Output Control Signals

The RDY signal is driven High to indicate that there is valid data on the systematic and parity ports. The
BLK_START signal is driven High for one clock cycle at the start of an output block as shown in
Figure 6.

e U Uy
CE ST
ver a TN E e % YmXm) - - - - - ) m e @ ) - - --
BT W €3 CB.CH SN ©3 G5 S 05 03 C3 CB €3 D SRt
P I v e - e o SO
------
------
------

BLK_START

BLK_END

Fi 6: Output Timing

*
Latency
The latency is defined as the number offeycl hen the first input data couple is sampled until
the first encoded output. In other wordsgfhe ti rom the FD_IN input being sampled until the
BLK_START output being asserted for that bloc

Due to the triple-buffered architecture, all data m
and then again to the main encoder. In the case wh
a few cycles more than twice the block size in couples.

Wri to RAM, read out first to the precoder,
ockesi

e
e is invariant, the latency is therefore

In general, when the block size is not constant, there may
such as a larger block already being processed. The worst case first
block is therefore just over twice the largest block size in couples.
to the previous section on triple-buffering. Some latency values for ¥'block sizes
Table 2.

Table 2: Latency Values for Fixed Block Sizes

Blk_size Bzg:,t;s,:::)N First Inpll-tattc;a II1=irst Outp
(Typical)(Cycles)

6 24 58

9 36 82

12 48 106

18 72 154

24 96 202
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Table 2: Latency Values for Fixed Block Sizes (Continued)

. Latency
Blk_size Bzg‘;ts;::)N First Input to First Output
P (Typical)(Cycles)
27 108 226
30 120 250
36 144 298
45 180 370
g& 192 394
54 216 442
240 490
480 970
960 1930
1440 2890
1920 3850
600 2400 4810
Notes:
1. For a constant block size, Firstiin-last-o en +d cycles, where N is the block size in couples, and d is a fixed delay.
2. On block size changes from block siz: to Fir‘in-last-out latency is given by:
2max(N4,No)+d for the first block@F'size
max(N4,N») + N, + d for the second bléek,
2No+d thereafter.
Where: N4 and N, are block sizes in cou
3. First-in-last-out latency is (First-in-first-out latenc; -1 cycles,
4. The fixed delay d is typically 10 cycles. :
10 www.Xxilinx.com DS525 April 24, 2009
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Performance and Resource Usage

Some typical performance and resource usage figures for minimal and maximal implementations on
Virtex-5 parts are given in Table 3.

Table 3: Performance and Resource Usage

With CE, SCLR, and ACLR Note OIS
LUT6-FF pairs) 1 741
Area (Registers) 1 609
1 2
1
1 0
1,2,3 303
t CE, SCLR, or ACLR Note OIS 1
Area (LUT6-FF p 1 666
Area (Registers) 1 608
36K Block Memories 1 2
18K Block Memories 1
MULT18x18s or DSP48s 1 0
Speed (MHz) 1,2,3 303
Notes:
1. ngg,aer;g.maximum clock frequencies are provided as a may vary with new releases of Xilinx implementation

2. Obtained with the core instantiated within a double registere with the outer wrapper registers in the IOBs. Area
figures do not include the inner wrapper registers.
3. Clock frequency does not take clock jitter into account and s

jitter specification.

an amount appropriate to the clock source

Throughput

The throughput is greatest when larger block sizes are used. Tak
obtained for some typical block sizes.

shows the throughput values

Table 4: Throughput Values

Block Size Input Data Throug
(Couples) (% of Clock Frequency)
24 94.7
216 99.4
480 99.7
2400 99.9
DS525 April 24, 2009 www.xilinx.com 11
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Revision History

The following table shows the revision history for this document.

Date Version Revision

01/18/06 1.1 Initial Xilinx release.

2.0 Updated to v2.0 of Encoder and Xilinx ISE tools v8.2i.

2.1 Updated for v2.1 of Encoder and Xilinx ISE tools v9.1i.
25 Added support for Spartan-3A DSP devices.

Removed support for legacy Virtex devices, added support for Virtex-6 and
Spartan-6 FPGAs, updated for v3.0 of the Encoder and Xilinx ISE v11.1 tools.

%,
O@

3.0
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