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INTRODUCTION

Digital Radio Mondialé¥ (DRM) was originally designetly
the DRM Consortiunasa digital broadcasting system for the
radio bands below 38Hz andit is standardied as ETSI ES
201 980 L]. In 2009 DRM was extendedby a modeE 71
calleddé D R Mi+t@use DRM in radidbands up to /¥MHz.

Technical investigationsuggestthat DRM+ is a suitable

candidate for the transition from analogbd to digital

broadcashg in VHF band 11(87.5 - 108.0MHz) in Europe

[2]. Unfortunately, here are mainly thremajor problems to

solve

1. VHF bandll is historically defined for the use of analogue
FM soundbroadcasting, and, & i as suchi extensively
usedin Europe

2. the lack of agreed coordination rules for usirdigital
broadcastingervicesn this frequency band

3. thelack of standardizedneasurement procedures to rate
both the interference arttle cross modulatiopotential of
digital broadcastingservicesoperating inVHF band 1l
into other radio services, esipto the aeronauticahavig-
tion services located above 108 MHz, namely ILSIan
VLS.

The realistic busomewhatsad summary isimple The de-

ployment of DRM+ networksn VHF band Il will not be

possible in anid-term.

MOTIVATION: DEPLOYING DRM+ IN VHF BAND llI

There are several reasotts investigate the potential use of

DRM+ in VHF band Il (174i 230 MHz):

e in ITU-Region 1lthe Final Acts of RRG06 [3] allocates
the completeVHF band lll to digital broadcastinge-
vices based on th&-DAB and DVB T standard

e in many European countries, e.g. Germpdjy VHF band
Il is intendedcompletely for DABcoverage zones

e RRGC06 allows for introducing further digital services
paving the formal way forintroducing DRM+ in VHF
band I,

e in VHF band lll sufficient frequencies are available that
could be used by DRM+ withotarmingthe evolutionof
DAB or DVB-T;

e signal processing for DAB+ receive(RXs) is extremely
similar to the one needed for DRM+ (OFDM, MPEG4
AAC), hence, a DAB+RX could easily be updated for
DRM+;

e DAB and DRM+complementeachother in amarvellous
way: On the one @nd, DAB is a broadcasting system
which allows the simultaneous transmission ofdtitude
of programs and servicegithin one single multiplex5].

It is designed to serveven large coverage areand,
quite important, for mobile reception. On the athand,
DRM+ is well suited foproviding both local and regional
coverageand, deployed as SFN, even largeverage &
eas for amall numbepf programs and services

These reasons should allow for a relatively fast introduction of
DRM+ in VHF band lll:Deploying both systems in the same

Joachim Lehnert
LMK RheinlandPfalz
67059 Ludwigshafen
lehnert@Imkonline.de

band might help to push and speed up the digitization of
sound broadcasting since it allows local and regional program
providers withoutg @0 ndingi taalddi gb
multiplex.

OBJECTIVES

As a first st@, important technical questiors related toa
potentialdeploynent of DRM+ in the VHF band Ilineed to
be addressed:

e collecting and investigating all the effects damalong
with RF frequenées greater than 174 MHzspecially
DRM+ Doppler performancehe latter beingelevant for
a good mobile reception at high speed

e measuring the protection ratios of DA®Berfered with by
DRM+ and vice versa

e setting up and conducting comprehensive field measur
ments to verify the protection rati@nd coexistencés-
sues

e working out concreteplanning exercises tlustrate how
DRM+ could complement the DAB systefamily, by
providing smalllocalizedprogram coveage forprograms
that have only local relevance as it is the case for many
commercial btialso regiongpublic programs.

As a second stephased on the results obtained, network
planning aspects ate betreated, covering the definition of
suitable reception scenarios, minimum median field strength
values, protection ratiosup to frequency grid spacinggei.
everything needed to standardize and plan DRM+ in VHF
band III.

LAB MEASUREMENTS : CONCEPT & RESULTS

Receiver prototypes

Two RX prototypesvereassembled:f. Figure landTable 1.
The signal processing steps are identical and straight forward
for bothRXs: First, after RF/IF conversion, the signsldigi-
tized using a Perseus DO6]. Second, after real time sample
rate conversion to 192 kHz, the 1/Q stream is passed to the
FraunhofellS DRM+ real time decoding softwaf&] which
delivers the service streams to the respective service decoders
via the RSCI/MDI interface. The only difference between
both prototypes is the RF frtend used to convert RF into IF
(esp.IF filter bandwidth and noise figuyelf not stated othe
wise, the parameters were measured at the input to the IIS
DRM+ decoder.

RF-Frontend Perseus Ratemonkey
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Figure 1. Schematics of the prototypesx 1 and Rx 2.




Table 1: Overall parameters of RX prototypes that the hardwari-the-loop simulations did not cove3FN

RX name RxL R profiles: A comprehensive answer if. DRM+ can cope with
Frontend manufacturel Maxim Unknown SFN networks in VHF bantl is thus still outstanding.
Frequency bandd VHF-II/III, L VHF-III, L . .
IF frequency [MHz] > 048 38912 Table 4: Results obtained forS/Npofie @ 230 MHZ.
IF filter bandvgdth [tkHtZ] 133 1527 S/Nprorile [dB] {margin [dB]} Rx 1 Rx 2
ensitivity
4QAM/16QAM [dBm] | ~112/106 -117/112 Urban vehiclel 12.5 | {9.2} | 13.9 | {10.6}
Shoulder[dB] 36 37 (60 km/h | 18.8 | {10.1}| 18.3 | {9.8}
(@-40 dBm input level) ° Urbanpedestrian  23.0 | {19.7} | 23.9 | {20.6}
Noise figure [dB] 8.3 3.3 = (2km/ | 28.0 | {19.3}| 27.5| {19.0}
Phase noise [dBc/HZ <-80 <-70 s Rural| 14.9 | {11.6} | 16.6 | {13.3}
) (150 km/h) --- ---
. . g Hilly terrain | 12.0 | {8.7} | 12.0| {8.6}
DRM+ mobile reception performance (100 km/h | 18.4 | {9.7} | 17.6 | {9.1}
The hardwarein-the-loop setup used to evaluate DRM+om Terrain obstructeq12.0 | {8.8} | 12.0| {8.6}
bile reception performance is showrfiigure 2. (€0km/h | 17.2 | {8.4} | 16.9] {8.4}
IEC-Bus (GPIB) seoet g > . .
) 2Descding RS Protection ratios of DRM+ and DAB
@ (C} >500 h ::;r'\?ulamn Con(roll ) ) ) ] )
res & negsuremet) Another important issue is to determine the respective @rote
Spark SMU200, Rx1/Rx2 Perseus lls tion ratios(PR) of a wanted signal interfered with by (i.w.b.)
DRM+ |uo|Hardware .| o | 1A la| DRM+ an unwanted signal
Modulator | | phanngl || Frontend [ DDC g Decoder :
simulation D ThePRmeasurementsetupsareshownin
R oAM025:04) -Ersiprofies ool (BER <100 Figure 3 for DAB i.w.b. DRM+andin Figure 4 for DRM+
*16 QAM (0,25,0,33) i.w.b. DAB. Not all DAB Rx used did allow for monitoring
Figure 2: Setup to evaluate mobile reception performance the estimated uncoded BERus, 3 minutes ofésuccessfd

audio decoding was used as failure criterion instead.
Three types of measurements werdqrened:

e Signalto-Noise-Ratio considering an AWGN only,
S/NAWGNv cf. Table 2;

e maximum speed/i.x considering thdDRM ETSI fading
profiles, vimay Cf. Table 3;

e Signalto-Noise-Ratio considering th®RM ETSI fading =
profiles, SNpofie, Cf. Table 4.

The parameterS/Nawcn, Vmax and SNpofie Were determined

based oran average coded BER of1@s failure criterioras

well as on aeference frequency of 230 MHz, i.e. at the upper
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Table 2: Results obtained forS/Nawen @ 230 MHZ. Figure 3: Setup to measureé®R of DAB i.w.b. DRM+.
S/Nawen [dB] Rx 1 Rx 2
4 QAM 3.3 3.3 Spark RES
DRM-Mode 16 QAM 8.7 8.5 Lemiki

Modulator 200A

DRM+ (PRBS/Audio) |

Table 3: Results obtained forviay.

Fraunhofer IS R&S Plisch DRM+
km/h Rx 1 Rx 2 pag |ETI SFE RF| LNA SDA Spinner Rx
Vmax[ m ] cs

4QAM | 16QAM | 40AM | 16QAM 228 730 X
Urban vehicle Wask
E (60 km/h) 169 115 157 129 —+ {105)
IS Rural Load
f (150 kmvh) 168 107 161 125 DAB
;._,’ iqlgétimir?) 165 145 162 146 Figure 4: Setup to measurePR of DRM+ i.w.b. DAB.
DQ_ Terrain dostr. - 0 - - Since up @ 15 DRM+ signals could be platewithin one
(60 km/h) DAB block, a very interesting question asks for the &R
DAB iw.b. DRM+ as a function of number of DRM+ irte
As can be seen froiable 3 andTable 4, both prototypeRx ferers. As can be seen froffigure 5, DAB is rather sensitive
fulfil all ETSI profiles, except for ETSI rural profildor to the interf erPRyiéds7 dBafor onei dt h .
DRM+ 16QAM demanthg a speed ofl50 km/h. Further DRM+ interferer, andlO dB isby far sufficient for more than

investigations indicate that this effect is mainly due to the (1) one DRMt interferer in the cahannel (n.b.. in the eo
AGC of the Rx frontends which are not optimized for the channel, the PRf DAB i.w.b. DAB is 10 dB, too).

rather smalbandwidthof DRM+ as compared to DAB and,

(2) the DRM+ decoding software which could be optimized

further. Therefore, the authors conclude that DRM+ can meet

the conditions of the ETSI profiles investigated. Please note

! The items highlighted in yellow and green dend@AM and 2 The figures incur | 'y B 0 @iceate differ@nce( margird
16QAM performance, respectively. S/Nprofie [dB] - SNawen [dB].



Next, the PR of DAB i.w.b. DRM+ for the adjacent channel is
investigated. InFigure 6, the DAB blocks as well as the
assumed DRM+ channel spacing within the DAB blocks is
shown. As can be seen, the PR falls down to ab&itdB,
showing a slight dependency from Re& used. For the repr
sentative consumer DARXx used, it drops below45 dB.
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Figure 6: PR of DABi.w.b. DRM+.

Finally, thereversescenarioof DRM+ i.w.b. DAB needs to be
considered From Figure 7 it is obvious that Rx 1 performs
better due to the smaller IF bandwidth. Taking Rslrefe-
ence, the cahannel PR for @AM and 16QAM differ by
about 5 dB, fully in accordance to the difference&SiNawen,
cf. Table 2. For theadjacentchannel, a PR <60 dB is ®-
served.

O o] 4QAM: SDC 0.25, MSC 0.4 (PRBS 29.76 kbitls, Audio 29.84 kbit/s)
{ 18 QAM: SDC 0.25, MSC 0.33 (PRES 49.68 kbit/s, Audio 49.68 kbit/s)
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Figure 7. PR of DRM+ i.w.b. with by DAB.

The PR measurements wepartially repeated for different
absolute RF input levels for validation purposes. To samm
rize, the result®btained stronglpropose that DRM+an be
deployed in VHF band Il without harming existing DAB
services §].

For further information on the lab measurements, the reader is
referred to §).

FIELD TRIAL : CONCEPT & RESULTS

Transmitter

concept

The field trial was based on the same transmitter (Tx) concept
asthe previous field tests in VHF band II.

The DAB/DAB signal was radiated in DAB block 10B from

Tx Am Rotenbegd (Tx RB) using statef-the-art IIS content
server (CS), exciter and amplifier (Plisch, Rohde & Schwarz)
with up to 300 W ERP, cfTable 5. The DRM+ signal was

sent out in the frequency range DAB block 10A to DAB block

10Cf rom t he sit gTx&H mithkKptd Be@Wber gb
ERP.
Table5: Tx characteristics.
T~ AAm Kaiser AAm Rotenb
name (Tx FH) (Tx RB)
FH Kaiserslautern KL-Rotenberg
Loc O7E 46 49 / 49N 27 10 07E 46 19/ 49N 27 39
(PD). height:260m asl, height: 260 m asl,
antenna30 m agl antenna: 50 m agl
System DRM+ DAB, DAB+
Fre- 211.648 MHZ 10B
quency (10A /100 211.648 MHZ 10B
Power | 0..90 W 0..180 W .
(ERP) | <0510 | >05/10 1356300 W
Antenna Omni 5-elem. Yagi 6 dBi
Pol. vertical vertical
. Audio: Musicam (DAB),
Content Audio & sync. PRBS AAC+ (DAB+)
Equip- . ) R&S SLA8000,
ment | Plisch ULESeries Plisch TDA 3503

Spark[9] or FraunhoferlS CS were used for DRM+ content
generation, Sparkbdés MDI cli
amplification was realizaead
ules. Both Txused stat®f-the-art Spinner output filters tuned
to the respective frequencies. Please note that, for demonstr
tion purposes, a 5.1 surround sound live stream waslbroa
casted successfully in DRM+ during the DRM+ symposium
held in Kaiserslautern the 9bf May 2010[17].

Results of stationary & mobile measurements

Figure 8 gives an overview of the locations used for both
stationary and mobile measurements. The stationarys-mea
urement locations are represented by yellow diamond suites,
whereas the route for mobimeasurements, about 65 krh
length, is depicted in pin&olour. The route comprises the city

of Kaiserslautern, rural environmenta{ling hills§, mota-
waysas well adight industrial and residential zones.
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Figure 8: Tx sites & measurement locations.
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The stationary measurements were done in 10 m height agl.
First, theRx powers Ppory+ and Ppag Were measured ind
vidually within their respective bandwidths. Next, the DRM+
Tx power was decreased ByXaren Until an average coded
BER of approx. 10 was achieved. From these parameters, the
dield PRO of DRM+ is readily calculatechs PRogry+Field =
Poas T (Porv+ T TXatern)- The outomes from these measur
ments areshown inFigure 9.
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Figure 9: PR of DRM+ i.w.b. DAB measured in the field.
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InspectingFigure 9 suggests a confirmation of the lab results.
The differences between lab and field®Rould be explained
by (1) measurement uncertainty especially in the field by
aboutx1 dBT, (2) the vey steep gradient of BER VSN, cf.
e.g. Figure 5[10Q], and, (3), thd perhaps nonflat channel
properties.

As for the mobile reception measurements, the following
procedure was used @mssesstoveragé Besides other @
rameters, for DRM+,he instantaneouaverage coded BER
was sampled every 08, for DAB, the audiosync flag and
the number of CRC errors were recorded using a VAD DAB
semiprofessional DAB monitoring receiverll]. For each
100x100 mi square,the BER (DRM+) and audio sync fia
(DAB) CDFs were calculated as well athe associated’5%
quantiles g. The leception was rated to be okgf® 1 This
approach matched the subjective feeling of perceivedorece
tion quality i and thus coverage very well for both DRM+
and DAB. The raults obtained are displayed TFable 6 and
Table 7.

Table 6: DRM+ coverage along the measurement route.

% of 100x100 1 pixel DRM+ Mode
DRM+ reception L0/ L0
Fal | Ok | Fail | Ok
Tx FH: DRM+ (180 W) only 3 97 35 65
Tx FH: DRM+ (180 W) and
Tx RB: DAB (135 W) | 02 S0

Table7: DAB coverage along the measurement route.

% of 100x100 n7 pixel )

DAB reception Fail Ok

Tx RB: DAB (135 W)only 19 81

Tx RB: DAB (135 W) and o8 72

Tx FH: One DRM+ signal(180 W)
Tx RB: DAB (135 W) and

Tx FH: TwoDRM+ signak (180 W)

32 68

For the sake of illustratioriigure 10, Figure 11 andFigure
12 shov the DRM+ and DAB coverage obtained by applying
the above described method.

A last remark regarding mobile reception: Rx 2 was installed
in the IS BMW, which is equipped with a higind 5.1 sound
system, todemonstrate mobile reception during the sgmp
sium days as showase Various drives were done within the
coverage area ofx FH on very different routes at very diffe

ent speeds (i.e. not necessarily on the pink measurement
route). Within the coverage age reception was considered to
be vey stable at almost every speed by the passern@erthe

motorway, dest® were done to see when reception breaks
down due to speed. Unfortunately, in the heart of the coverage
zone, speed is limited to 130 km/h on mmtays, in contrast

to the northeastern coverage fring®uring the drivedest®
done on this short piece of motorwagceptiondid not failup

to 230 km/h.Unfortunately, acomprehensive measurement to
evaluate the reason (fading, too I&#N) could not be done,

but at least these nestientific d¢est® showcase that DRM+
can be practically be retved even at very high speeds.

For further information on the field test, the reader is referred

to [12].

Figure 10. DRM+ 4QAM coverage.

Figure 11: DRM+ 16QAM coverage.

Figure 12: DAB coverage.

PLANNING PARAMETERS

For DRM+ the same receptiomodes as foIDAB [3] are
defined Fixed (FX), portableindoor (PI) angoortableoutdoor
(PO) as well asmobile receptionMO). In addition,a hard-
held portable reception mod&3] with bad reception corid
tions amd a receiver with an external antensalefined for
bothindoor (PH) and outdoor reception (PB), resp

For thesereception modg preliminary valuesfor the mini-
mum median field strength lewsdre presented in the sequel;
these valuediave been confimed in the field trials in Kaise
slautern and in Hannovgt4]. Besidesa proposal fothe PRs
for DRM+ basedon the results abovés presented in what
follows.






