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Abstract

In digital video broadcasting-handhelds (DVB-H), the contents to be transmitted come in
the form of internet protocol (IP) datagram, which are passed to the multi-protocol
encapsulation with forward error correction (MPE-FEC) entity. MPE-FEC employs erasure
Reed-Solomon (eRS) error correction combined with cyclic redundancy check (CRC), is
defined in standard. However, a critical factor must be considered when dealing with a long-
term fading channel. If there is only one bit error in an IP packet, the entire IP packet is
considered unreliable, even if it contains many correct bytes. To mitigate this effect, this
paper proposed hybrid decoding algorithm using the log likelihood ratio (LLR) values. By
simulation we show that the performance of the proposed decoding algorithm is superior to
that of conventional one.

Keywords: MPE-FEC, DVB-H, IP packet, eRS codes, LDPC codes, LLR

1. Introduction

The DVB-H provide an efficient way to convey multimedia IP services over digital
terrestrial broadcasting networks towards mobile wireless handhelds. The DVB-H standard,
MPE-FEC includes eRS, combined with virtual interleaving, to compensate for a long-term
fading environment [1]. Several enhancements and modifications are under consideration,
including adopting strong error correction codes and longer interleaving methods to
compensate for long-term fading events in mobile environments. The DVB forums are
currently working to define a new hybrid satellite/terrestrial delivery system in order to
provide satellite services to portable devices. They recommend eRS codes as upper layer
coding method and low density parity check (LDPC) codes specified in DVB-S2 as physical
layer coding method. The advantage of eRS is that it is capable of correcting more erroneous
code symbols than the conventional RS codes. The erasure information can be obtained from
CRC error detection [2]. However, a critical factor must be considered when dealing with a
long-term fading channel [3]. In fact, at the end of every MPE-FEC section, there is a CRC-
32 field calculated over the entire section, to detect erroneous sections at the receiver side. If
there is only one bit error in an IP packet, the entire IP packet is considered as unreliable
bytes, even if it contains correct bytes. This implies that if there is one byte error in an IP
packet of 512 bytes, 511 correct bytes are erased from the frame. In this paper, based on the
physical layer coding method with LDPC codes, a new MPE-FEC decoding algorithm is
proposed in this paper. At the receiver side, the erasure information is obtained directly from
LLR from the bit node information of LDPC decoder, rather than the CRC information. Base
on erasure information obtained from LLR value, this paper proposed a new hybrid MPE-
FEC decoding algorithm. In this algorithm, if the number of erased bytes is less than the error
correction capability, an eRS codes is used, otherwise, a conventional decoder that buffers
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another received symbol memory is used. The main difference between the two decoding
methods analyzed in this paper is the manner in which the erasure information is obtained and
how this information is utilized. Furthermore, the performance of the proposed decoding
algorithms is investigated in terms of interleaving size and IP packet size.

2. Conventional MPE-FEC Encoding Algorithms

In this paper, we used eRS(255,191,64) with rate of 3/4 as MPE-FEC coding method.
Therefore the MPE-FEC frame is arranged as a matrix with 255 columns and a variable
number of rows, as shown in Figure 1. The maximum number of rows is 1024, which results
in a total MPE—FEC frame size of almost 2 Mbits, as each element in the matrix contains one
byte of information. The possible number of rows is 256, 512, 768 and 1024. The left-hand
component of the MPE-FEC frame, consisting of the first 191 columns, is dedicated to the IP
datagram and possible padding, and it is called the application data table. The right-hand
component of the MPE-FEC frame, consisting of the 64 remaining columns, is dedicated to
the parity information of the FEC codes, and it is called the RS data table. After all datagram
fill in the application data table, any unfilled byte positions are padded with zeros. Then, for
each row, the 64 parity bytes from the 191 bytes of data are calculated. Finally the data are
transmitted in columns. The procedures of an interleaving and de-interleaving process are
same on the data respectively before and after the RS coding, and are generally indicated as
“virtual interleaving” [5].
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Figure 1. Structure of MPE-FEC Memory

When the decoder begins to receive data, it has an empty MPE-FEC frame structure, with
all byte elements marked as unreliable. Since the byte element address is indicated in the
header of every received section, the receiver can store the received datagram in the correct
byte element of the application data table or RS data table. CRC-32, which detects erroneous
sections, marks these positions as reliable or unreliable. All empty elements of the MPE-FEC
frame remain as unreliable bytes. If the MPE-FEC sections are received, the receiver
introduces the number of padding bytes in the application data table, as indicated in the MPE-
FEC sections. It marks these padding bytes as reliable. If the receiver does not receive the last
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MPE section correctly, it assumes that all byte elements between the last correctly received
section and the first padding column constitute lost data, and it is marked as unreliable. With
this reliability information, the eRS decoder can correct up to 64 such bytes per 255 byte code
word. It should be noted that any 64 bytes can be corrected, i.e., it does not matter whether
one bit or all eight bits are in error. If there are more than 64 unreliable byte elements in a
row, the RS decoder cannot make any corrections, and it merely outputs the bytes, without
error correction.

Figure 2 shows the structure of the conventional MPE-FEC using the CRC-based eRS
decoding algorithm.
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Figure 2. MPE-FEC Memory based on the CRC Method

For transmission, the frame is divided into sections, so that the IP datagram constitutes the
payload of a MPE section and the redundancy column constitutes the payload of the MPE-
FEC section. After the section header is attached, the CRC-32 redundancy bytes are
calculated for the section. The sections are transmitted in the MPEG-2 transport stream (TS)
format defined in the Reference [4]. The output of the physical layer, i.e., the LDPC decoding
output, consists of TS packets that are input to the upper layer IP decapsulator. After the
CRC-32 check on the erroneous sections, the IP datagram is considered as unreliable bytes,
and the IP datagram is erased. The erased IP datagram are depicted as black boxes in Figure
2.

3. Proposed MPE-FEC Decoding Algorithm

As described in the previous Section, the erasure information can be obtained from CRC
error detection. However, a critical factor must be considered when dealing with a long-term
fading channel such as Reference [3]. In fact, at the end of every MPE-FEC section, there is a
CRC-32 field calculated over the entire section, to detect erroneous sections at the receiver
side. If there is only one bit error within the IP packet, the entire IP packet is considered as
unreliable bytes, even if it contains correct bytes. In order to solve the problem, this paper
proposed a new simple hybrid MPE-FEC decoding algorithm using the erasure information
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obtained from LLR of physical layer decoding, as shown in Figure 3. Therefore the unit of
erasure information is not an IP packet unit but each symbol within an IP packet.
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Figure 3. Structure of Hybrid MPE-FEC Method

In the LDPC decoding, final information of LDPC decoding is bit node information [6].
Upon receiving symbols, the check nodes make use of the parity check equations to update
the bit node information and send it back. After finishing final iterations, soft values of bit
node information are sent to eRS decoder and erasure information are obtained from this
information. In terms of performance and complexity measures, we find an optimal criterion
of discarding unreliable symbols. It is very important to decide how the erasure information
can be obtained. Let us denote the erasure decision threshold & may be defined as Equation

(1).

If, |v,|=&, not erased

If, |v,|<&, erased

(1)

Where vn means soft value of bit node information after the LDPC decoding, However, it
is very important to decide the & ; if it is too high, the total number of erasures would exceeds
the maximum error correction capability; if it is too low, the probability of the error
correction would be low. Therefore, we decide the 6 using the computer simulation by trial-
an-errors. As shown in Figure 4, we simulated the various values of & from one to six. The
simulation result shows the optimal value of & is four. In next step, we check the how many
erasure bytes are contained in the 255 bytes column. The Ne means the number of erasure
bytes that are unreliable bytes after check the threshold. If Ne is less than the error correction
capability, the eRS decoding is applied, otherwise, conventional RS decoding is applied using
the additional memory obtained from LDPC decoder. The reason for using conventional RS
decoding is to prevent correct symbols from being erased. This proposed algorithm is very
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simple, and it avoids additional hardware and modification of the standard. It doesn’t need to
calculate a CRC process and it prevents one bit error from resulting in an IP packet erasure.
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Figure 4. Performance of Hybrid MPE-FEC Method According to &

Figure 5 shows the BER performance comparison between the conventional MPE-FEC
method and the new hybrid MPE-FEC method in the long term fading channel. The word
“Conventional” in Figures means the CRC based algorithm depicted in Figure 2. To compare
the performance of conventional decoding methods and proposed one, we used
eRS(255,191,64) with rate of 3/4, half rate LDPC codes with block size of 64800 described in
[4], and IP packet size of 1024 bytes. The channel models used in the simulator were long
term fading channel [3].

In the long term fading channel, the conventional scheme doesn’t correct erroneous
received bits. This is why the erased bytes include numerous correct bytes, and it exceeds the
error correction capability. Therefore, the proposed hybrid decoding algorithm has a superior
performance compared to the conventional algorithm in the long term fading channel.

In addition, to analyze the result of the Figure 5, we need to investigate the how many non-
error symbols are considered as unreliable. Figure 6 shows the average number of non-error
symbols within unreliable symbols in MPE-FEC memory.

Nerased = NnorHerror + Nreal—error (2)

For example, at the value of Es/No is 0.3, among the total 255 erased symbols, 135
symbols are non-error symbols in conventional method and 55 symbols are non-error symbols
in proposed algorithm. In conventional method, since just one bit error in an IP packet, the
entire IP packet is considered as erased symbols, this causes error flooring in eRS decoding as
shown in Figure 5. We can see the expected behavior of proposed algorithm of MPE-FEC
decoding prevent correct symbols from being erased.
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Figure 5. Performance Comparison in Long Term Fading Channel
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Figure 6. Average Number of Non-error Symbols within Erased Symbols in

MPE-FEC Memory

4. Simulation Results

From the Figure 3, Figure 7 shows the performance of hybrid MPE-FEC by increasing the
virtual interleaving size, Is. The interleaving size, that is the number of bytes in the frame, can
be one of 255, 512, 768 or 1024. As to the virtual interleaving size, a smaller size is more

susceptible to the blockage impairment in long term fading channel.
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Figure 7. Performance of Hybrid MPE-FEC for Various Interleaving Size

Figure 8 shows the packet error rate (PER) performance for various IP packet sizes. IP
packet size is the same as the size of datagram shown in Figure 1 Fixed on 1s=1024 bytes, we
observe that the smaller IP packet size, the better the performance. This is because a smaller
packet size is not affected by the number of erased bytes. Since the gain between different IP
packet size is almost 0.05 dB, we conclude that the IP packet size is not much affected to PER
performance.
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Figure 8. PER Performance for Various IP Packet Sizes
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5. Conclusions

In this paper, we proposed a new decoding algorithm for a terrestrial delivery system
defined in the DVB-H standard and addressed some limitations in the conventional CRC-32
based decoding algorithm. In the conventional CRC-32-based decoding algorithm, a single bit
error causes the entire IP packet to be considered unreliable, even if it contains many correct
bytes. This causes the performance degradation in a long-term fading channel. Therefore, this
paper proposed a new upper layer decoding methods combined LLR-based erase detect and
hybrid decoding. After LDPC decoding, erasure information is obtained from soft outputs of
LDPC decoder. This approach only uses the LLR value and avoids CRC-32 calculation. The
unit of erasure information is not an IP packet but a symbol within an IP packet, thereby
improving the error correction ability. After detect the erased symbol by LLR values, we
apply both conventional RS decoding and an eRS decoding algorithm, based on whether the
number of erasure bytes is greater than or less than the error correction capability. Computer
simulations show that the hybrid decoding algorithm achieves a coding gain compare to
conventional MPE-FEC decoding algorithm in the long term fading channel. Furthermore, we
observe that virtual interleaving is a crucial component for improving the performance in a
long-term fading channel. In addition, we concluded the larger the virtual interleaving size,
and the smaller the IP packet size, the better the performance.
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