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Abstract

Recently, digital video broadcasting-terrestrial (DVB-T) becomes standard for the digital
video broadcasting techniques in Taiwan. Thus, the development of low-power consumption
and low cost yet flexible and feasible receiver becomes emergence. Moreover, receiver of

DVB-T for portable reception of mobile channel is a new design challenge.

In this project, we will design the digital back-end subsystems of DVB-T. These subsystems
include digital frequency down converter, channel estimation/equalization and synchronization.
The goals are not only to design and implement these subsystems but also integrate (cooperated
with other subprojects) all the demodulation and decoding systems into an System on Chip
(SoC). Also, the design platform for DVB-T system will be set up. This platform is to serve as a
research and for SoC program at NCU.

Keywords: DVB-T, OFDM, carrier recovery, sampling timing recovery, frequency domain
channel estimation
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1. Introduction

In 1997, ESTI (European Telecommunications Standards Institute) release a new standard for
digital terrestrial television known as DVB-T [1]. This standard uses the OFDM (Orthogonal
Frequency Division Multiplexing) for modulation. OFDM is a kind of multi-carrier modulation
that divides the available bandwidth into several orthogonal subcarriers and increases the
bandwidth efficiency. Each individual carrier uses conventional modulation such as QPSK
(Quaternary Phase Shift Keying) and QAM (Quadrature Amplitude Modulation). DVB-T uses
three constellations, QPSK, 16QAM, and 64QAM for different bit rates of targeted video
quality. Three transmission modes are specified, they are 2k mode using 1705 subcarriers, 4k
mode (3409) and 8k mode (6817). DVB- T insets three kinds pilot: continual pilot, scattered
pilots and TPS (Transmission Parameter Signalling) pilots for synchronization, equalization and
brings transmission parameters.CFO is divided into integer part and fractional part. The ICFO
(Integer CFO) causes the index of sub-carriers shift, and ICI (Inter-Carrier Interference) due to

the fractional CFO.

The rest of this report is organized as fallows: The architecture of baseband receiver and
simulation results is presented in Section 2. A reduction algorithm and its architecture of
jointed estimation of ICFO for DVB-T is posed in Section 3. Finally, the conclusion is drawn in

Section 4.

2. Receiver Architecture

Fig. 1 is the block diagram of DVB-T. It contains the digital down converter, the carrier
synchronization loop, the sampling synchronization loop, and the frequency domain equalizer.
The down converter converts the signal from second IF (4.57 MHz) to baseband. The free
running ADC (Analogy to Digital Converter) over samples the second IF output at 36.28 MHz.
to relax the specifications of the front end analogy devices. All synchronization loops work in

digital domain.
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Fig. 1 The receiver architecture of the DVB-T

2.1 Symbol Boundary Detection

The CP (Cyclic Prefix) of DVB-T avoids the ISI from the channel delay dispersal. It is
important to find the location of an OFDM symbol in order to maintain the orthogonality. CP is
a copy from the tail of an OFDM symbol. By using Maximum Correlation [2] [3],
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where (i) is received signal, N is length of an OFDM symbol , K. and Nj is length of CP.

the peak where means the symbol boundary. A straight forward moving sum architecture in

shown in Fig. 2 can be used to reduce the hardware complexity.
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2.2 Carrier Frequency Synchronization

The fractional CFO estimation is the phase of the peak value from symbol boundary
detection. After fractional CFO is compensated, the ICI is reduced. Because the ICFO causes
the index of subcarrers shift, the location of continual pilot, scattered pilot and TPS are wrong.
The ICFO can be estimated by a proposed equation [4].

4= argmax[kZ[(tzz,m)-(z]_l,m)*} 2)
n Ecpilo
where z is FFT output signal, / is symbol index, & is subcarrier index, ¢ is the estimated CFO
and cpilot is the set of continual pilot. ¢

The RCFO (Remainder CFO) can be estimated jointly with SCO (Sampling Clock Offset).
The carrier recovery loop uses a derotator and NCO to compensate CFO. However, the
architecture of deortorer need four multipliers and two adders, A CORDIC-based derotator [5],

are used to combines the derotator and NCO to reduce hardware complexity.

2.3 Sampling Timing Synchronization

The phase rotation caused by SCO is proportion to the index of sub-carriers. A jointed SCO
and CFO estimation algorithm is proposed [2] [3].
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where 4 i1s CFO, t4 is SCO, N, is length of CP, N is length of CP. The continual pilots are
divided into two sets; C; corresponds to pilots on negative sub-carriers and C, to pilot on
positive sub-carriers.

The sampling timing synchronization has no feed back loop to analogy device, because the free
running VCO is used to sample ADC. An interpolator [6] is used to resample the sampled

signals. Thus, an interpolator controller decides when to copy or to discard one sample.



2.4 Frequency Domain Channel Estimation

The channel response estimation unit which is aided by scattered pilots estimates both
channel response and phase error caused by imperfect synchronization. One dimensional linear
interpolation method is used in receiver. It is necessary to detect the scattered pilot mode [7],
because scattered pilot is changed in every four OFDM symbols. Assuming the channel
response doesn’t have change in four OFDM symbol. In the frequency domain, the channel
response of all other sub-carriers is obtained by interpolating stored scattered pilots of the three

consecutive OFDM symbol.

2.5 Simulation Results

The simulation platform is build by Matlab and C language with infinite word length. The
DVB-T baseband receiver can compensate the CFO to 50 subcarrier spacing (about 200kHz at
2k mode) and the SCO to 100ppm. In simulation environment, the fallowing variables are used:
CFO = 23.15 subcarrier spacing, SCO = 100 ppm, AWGN = 16.5 db and Rayleigh channel. Fig.
3 is the maximum correlation output, and the peak means the location of OFDM. Fig. 4 and Fig.
5 is the convergence curve of CFO and SCO. The convergence time is about 40 OFDM symbol.

Fig. 6 is the interpolation control. The saw means that input signal needs to copy a sample.
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Fig. 3 symbol boundary detection
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3 Memory-less Algorithm for ICFO Estimation

An ICFO estimation algorithms [2] [3] requires a copy of previous symbol shown in Fig. 7.
However, the maximum FFT length of DVB-T is 8192. If data word length of FFT output is N
bits. It needs to store 8192 x 2 x N bits, which occupy large size. Besides, the correlation
operations accesses data of a symbol saw-toothedly shown in Fig. 8. Thus data accessed many
times (more than 5 times), and this will increases the power consumption. The sawed—toothed
access is caused by the overlapping between estimating ranges of ICFO. By reducing the usage
of the continual pilots, the situation of overlapping is avoided. We choose a set that the interval
of continual pilot exceeds 100 sub-carriers spacing. The set is {54, 156, 279, 432, 618, 759,
873,984, 1101, 1206, 1323, 1491}. The number of used continual pilot is 12.
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Fig. 8 Data are accessed saw-toothedly

After solving saw-toothed access, we reduce the usage of storage unit for one symbol delay.
Only sign bit of previous OFDM symbol is stored. The advantage of this simplification is not
only to decrease the number of storage unit, but also to substitute the multiplication in the
correlation with addition and subtraction. The memory-less algorithm is as follows:

¢=argmax Y sign(z,,., ) (21000 )"
o kaptor (4)
cpilot € {54, 156,279,432,618,759,873,984,1101,1206,1323, 1491}
where z is FFT output signal, / is symbol index, & is subcarrier index, ¢ is the estimated CFO
and cpilot is the set of continual pilot. ¢

Because only the sign bit of the symbol is stored, it is not necessary to store at every sample

that come form FFT output. By using N shift register to store N sign bits of symbol, memory is

accessed in every N clock cycles, where N is ward length of memory.

Fig. 9 is performance comparison between the original algorithm and the memory-less one.
The test environment is at Rayleigh Channel, CFO = 30.12 subcarrier spacing. The number of
test times is 2000. At SNR = 16 dB, the error ratio of the memory-less algorithm is about 8x107

and the original one is about 9.5x107. The performance does not decrease a lot. Table 1 is



hardware complexity comparison between the original algorithm and the memory-less one.
When memory word length N is 12 bits and the estimation n is 50 subcarrier spacing. The usage
of memory reduces 90 %, the access number reduces 94%, and the estimation time reduces

37%.
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Fig. 9 The error ratio of ICFO estimation

Table 1 Hardware complexity of ICFO estimation

Conventional New proposed
Storage unit 2048x2xN [2048/N | x2xN
Access 2048+2 xn x 45 [2048/N'|*2
number
Multiplier 4 0
Adder 4 4
Estimation +n(>50) +50
Range subcarrier subcarrier
Estimation [2048 +2 xn x 45 2048+2048
Time

Fig. 10 is the state diagram of jointed ICFO, RCFO and SCO estimation. The first state is to
write the sign bit of current OFDM symbol. When next symbol comes from the FFT, it jumps
to the second state. In this state, the coming OFDM symbols also are also stored and one

correlate with previous stored symbol to generate the integer CFO estimation. In order to



decrease the error ratio of estimation, a voting mechanism is added. This voting mechanism will
watch 2~3 OFDM symbol. If 2 among 3 estimations are the same, the value will be considered
cowed. With this mechanism, we can reduce the error rate form 102 to 107~10°. After
estimating the ICFO, a mechanism is used to release hardware resource for RCFO and SCO
estimation. In the third state, fully information bits of continual pilots in an OFDM symbol are
written into memory. In the fourth state, the continual pilots of two OFDM symbol are

correlated and the RCFO and SCO are estimated.

ICFO estimation

Write a OFDM
symbol into
Memory

symbol

orrelation wit
------------- previous OFDM
Symbol &

continual pilot &
tracking CFO &
SCO

Next OFDM symbol
coming=1

rite continua

pilots of a
CFO & SCO OFDM symbol
tracking into memory

Fig. 10 State diagram of the jointed estimation

The overall architecture for jointed estimation is shown in Fig. 11. ICFO estimation, RCFO
and SCO estimation share a memory. The Arctan block and Abs block share the same CORDIC
unit for hardware reuse. The operation of this architecture is following the state diagram shown
in Fig. 10. In ICFO estimation, the sign bit of samples coming from the FFT output are
streamed in the shift registers. After shift registers is full, the temporarily stored data are written
into memory. This decease number of access. Another memory is used to store the correlation
results. After correlation is complete, the Abs block is used to compute magnitude of the
correlation result. The Argmax block finds the index of maximum correlation results which
means the ICFO. In RCFO and SCO estimation, the continual pilots are stored into the memory
and correlation with the next symbol. The correlation results are divided into two set which
describe in Eqn. (3). The summation can compute the CFO, and the subtraction can compute

the SCO. The hardware complexity is listed in Table 2.
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Fig. 11 Architecture of jointed estimation

Table 2 Hardware required for jointed estimation

Memory 171 x 24 (ICFO RCFO & SCO)
101 x 26 (ICFO)
CORDIC 1 (11 iterations )
Multiplier 0 (ICFO)
4 (RCFO & SCO)
Adder 4 (ICFO)
4 (RCFO & SCO)

4 Conclusion and Discussion

In this year, we carry out a simulation platform for DVB-T, which contains digital down
converter, carrier recovery loop, sampling timing recovery loop and frequency domain
equalizer. At the same time, several simulation results are showed. The convergence time is
about 40 OFDM symbol. Besides, a memory-less algorithm reduces the usage of memory
reduces 90 %, the access number reduces 94%, and the estimation time reduce 37%., but does
not decrease performance a lot. Finally, the architecture of jointed ICFO, RCFO, and SCO is
proposed.
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