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Digital Radio Mondiale (DRM)

NARROWBAND DIGITAL BROADCASTING
WITH THE DRM SYSTEM IN BANDS | AND Il

1 Introduction

DRM (System A in Recommendation ITU-R BS. 1514) refers to all the broadcasting service
frequency bands below 30 MHz. The DRM Consortium is now developing an augmentation of the
system so that it may be employed in broadcasting service bands I and Il (the lower VHF
broadcasting bands below 108 MHz).

This document describes the initial system architecture and the performance in different mobile
channels. The goal is the development of a narrowband system with the flexibility for an
introduction in the crowded frequency band Il. In addition, frequency band I induces the
opportunity for new broadcasts. Further only a small number of services should be within one
multiplex to prevent complex service multiplex organization at the transmitter side. To cope with
the resulting requirements a bandwidth of maximal 100 kHz is planned. This leads to the flat fading
effect in urban mobile channels. New diversity techniques help to solve this challenge.

2 System requirements

The introduction of a new technology into a world market requires a careful analysis of all the
needs of consumers, broadcasters, network operators and manufacturers. The requirements
determined are the basis for the technical development. The system will be an open international
extension to the already existing DRM standard 1.

The most important requirements considered for the development are:

- Better spectral efficiency than analog FM. It is expected that one audio program needs less
than a tenth of the spectrum than FM.

- Higher service reliability than analog FM, especially in mobile environments.
- Improved audio quality including the support of surround sound.

- Possibility for extended service information features including frequency switching to other
systems.

- Capabilities of conveying audio and data to allow new multimedia features.
- System approach should facilitate the development of low cost receivers.
- Support of single frequency networks.
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3 Transmission channel

The basis for each communication system is the transmission channel. With the knowledge of the
channel characteristics, a channel simulator can be applied to allow performance comparison
between different system proposals under predefined conditions. The frequencies in VHF bands I
and II are characterized by diffraction, scattering and reflection of the electromagnetic waves
between transmitter and receiver. In addition, the movement of the receiver has to be taken into
account. This results in multipath propagation and Doppler spread.

Since no deterministic description of the time-variance of the channel is feasible, a stochastic
approach is needed. Therefore the WSSUS-model (Wide Sense Stationary Uncorrelated Scattering)
was developed and well proven in the last decade 2. The tap-delay line structure is a suitable
representation whereas the relation between input signal e(?) and output signal s(z) in the complex
base band is given by:

s(t) = Z P ¢ (1) e(t-T;)

N is the number of paths with the respective average power ;and the relative delay ;. The time-
variant tap-weights ci(?) are zero mean complex-valued stationary Gaussian random processes with
Rayleigh- or Ricean-distributed magnitudes and uniformly distributed phases.

The definition of different channel profiles allows the evaluation of the system in good, typical and
worst case propagation scenarios. Table 1 shows an overview of the relevant channel profiles for
DRM-+. (DRM+ is a shorthand for DRM’s system development above 30 MHz.). Each profile is
described by the number of paths with their individual delays and Doppler spreads.

4 System architecture

The basis for the extension of DRM to higher frequency bands is to reach as much commonality as
possible with the existing standard. This approach facilitates the receiver and modulator
development and supports a fast market introduction. Since the transmission channel has different
characteristics in the VHF bands than in the frequencies below 30 MHz new evaluations become
necessary.

4.1 System overview

In the following the most important aspects of the system will be explained. All information has to
be seen as preliminary since the standard is still in development phase.
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Figure 1 gives an overview of the system architecture.

Several audio and data services are source encoded or pre-encoded. The same MPEG-4 source
encoders as used in DRM are available. These are the audio encoder AAC (Advanced Audio
Coding) and the two speech encoders CELP (Code Excited Linear Prediction) and HVXC
(Harmonic Vector eXcitation Coding). All encoders can be extended by SBR (Spectral Bandwidth
Replication), an enhancement tool, which uses information of the spectral envelope of the audio
signal to enlarge the audio bandwidth.

The two information channels FAC (Fast Access Channel) and SDC (Service Description Channel)
are also maintained from DRM. By this the consistency of multiplex information can be ensured.
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FIGURE 1

System architecture
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TABLE 1
Channel profiles
Speed Max. Doppl:r No. paths Maximum
No. Profile Name P frequency P delay
y [km/h] N
fD, max [HZ] —max [_S]
1 AWGN (additiv.e white Gaussian 0 0 1 0
noise)
2 Urban 2/60 0.2/5.6 9 3
3 Rural 150 13.9
4 Terrain obstructed 60 5.6 16
5 Hilly terrain 100 9.3 12 82.7
SFN (single frequency network at
6 (single frequency 150 13.9 7 600
100 MHz transmission frequency)

Channel coding is done with the aid of convolutional codes and MLC (Multilevel Coding) for the
higher constellations, respectively. For the MSC (Main Service Channel), which contains the useful
information (audio and data), two different constellations, namely 4-QAM and 16-QAM, are
planned to reach the needed flexibility concerning robustness and data rate. The implemented
interleaver improves the performance of the channel coding system. The MSC and the two
information channels FAC and SDC are accomplished with reference pilots which are inevitable for
channel estimation and synchronization in the receiver. This whole multiplex runs through the
OFDM (Orthogonal Frequency Division Multiplexing) generator to build the time signal which can
then be upconverted to the transmission frequency.

4.2 OFDM transmission parameters

The idea of the OFDM transmission techniques is the division of the data rate on a plurality of
modulated subcarriers. As a consequence the symbol time increases, which in turn decreases the
inter-symbol interference in a multipath environment.
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With the insertion of an additional guard interval before each symbol in time domain, the inter-
symbol interference can be avoided completely. The individual subcarriers are spaced by the
frequency distance F = 1/T, to avoid inter-carrier interference where 7, is the time interval of the
useful part of one OFDM symbol. Together with the guard time 7, the complete symbol duration 7
=T, + T, is defined.

To define the OFDM parameters several design requirements have to be taken into account (3):

- Tg> max corresponds to the fact that the longest delay of the channel profile should be shorter
than the guard interval. With the choice of 7, = 250 s the requirement was kept for all channel
profiles except No.6. But the very late echoes in the SFN profile have a negligible power.

- Ty <T,: the guard interval should be much shorter than the useful symbol duration to obtain an
efficient system. With the choice of 73, = 2.25ms the power loss caused by the guard interval is
less than 0.5 dB.

- _F>> fp.:arule of thumb says the subcarrier spacing has to be 10 times larger than the
maximum occurring Doppler frequencies to avoid inter-carrier interference. With the choice of
_F =444 Hz very high speeds could be reached without significant loss in signal-to-noise ratio.

In addition several practical requirements have to be taken into account. One example is the choice
of the OFDM transform length (IFFT) which should be a convenient number for implementation.
4.3 Pilot pattern

In the following we will have a closer look to the pilot pattern for channel estimation. Figure 2
shows the distribution of the pilots in the time-frequency grid.

FIGURE 2

Pilot pattern in the time-frequency grid
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The pilot pattern has to be adapted to the transmission channel to ensure good channel estimation in
the receiver. Therefore the sampling theorem has to be kept according to the formulas:

B 1
t 2fD,max ) T;
and
D, = ! .
T AF

In addition some room for non-ideal channel interpolation filters has to be taken into account. With
D,=4 and D;= 4 a good compromise between pilot overhead and performance has been defined.
This choice allows the receiver to track the channel also at high speed for all channel profiles.
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4.4 Information data rates

The needs in capacity of the broadcasters differ from one high quality audio program to several
programs with surround sound and additional data services. The system should provide data rates in
the range of 48 kbit/s and 180 kbit/s to satisfy all interests. The two constellations 4-QAM and
16-QAM with code rates between 1/3 and 3/5 provide adequate choices.

5 Transmit diversity

The big challenge in system design is the achievement of a good performance in the urban channel
profile at low speed. This is caused by the problem of flat fading which occurs when the coherence
bandwidth 1/ . of the channel is smaller than the signal bandwidth. That means a 100 kHz
coherence bandwidth corresponds to a delay spread of 10 _s. The channel profiles No.2 and 3 have
smaller delay spreads resulting in flat fading. At high receiver speeds as defined for channel profile
No.3 the time interleaver is able to solve this issue. But for low speeds other methods should be
found to increase the statistical variety of the channel, which we call channel diversity.

Different diversity techniques should be compared to determine which one(s) is(are) the most
worthwhile. This results in analysis of multiple antennas (two or more at the transmitter or receiver
side). Receive-antenna diversity works well but increases cost and size of all receivers. This is why
we have concentrated on transmit-antenna diversity. Different techniques can be found in

literature (4).

A very interesting attempt is space-time block coding (STBC) with two antennas (5). Both antennas
transmit the same content with different orthogonal waveforms. A good performance could be
proven in simulations but two drawbacks were found. First, the OFDM symbol duration has to be
short in comparison to the time variance of the channel because the fading has to be constant across
two consecutive symbols. Second, the amount of pilots doubles because both channel transfer
functions according to the two transmit antennas have to be estimated in the receiver.

A better alternative for our application is delay diversity (DD) 6. The OFDM modulated signal is
transmitted over several antennas whereas the particular signals differ only in an antenna specific
delay. A more sophisticated method is the cyclic delay diversity (CDD). Here the delay d; for each
antenna is added between the IFFT and the insertion of the guard interval (GI). This relation is
depicted in Figure (3).

FIGURE 3

OFDM transmitter with CDD
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Both methods DD and CDD have the same performance as far as no inter-symbol interference
occurs. The advantage of CDD is that it does not consume a part of the guard interval. The increase

— IFFT
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in frequency selectivity of the channel reduces the effect of flat fading. The performance in some
channel profiles can be increased dramatically.

To judge the system performance the bit error rate (BER) over the ratio of energy per useful bit £j
to the noise density Ny is the adequate approach. Figure (4) compares the BER of one transmitter
with two transmitters CDD.

FIGURE 4

Performance Curves
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For the simulation a 16-QAM with code rate » = 0.5 and 400 ms interleaving time was used.
Channel profile No.2 with 60 km/h was chosen as a difficult but important transmission case. The
gain at the target BER of 10 is more than 3 dB for CDD which is remarkable. This gain decreases
with higher speed and for channel profiles with longer echoes.
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