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Adrchc]cLThe digltal sound btutcasting I)RM Oigital RBdio
Mondiale) standard bag established worldwide, and the number of
transnri8sious on air has increased stgnfflcantly since the approval
or the sed8Td, Thls paper presents the resule of the one Of the
first DRM field trinl8uchgthe 26 MHz bend rorlocal broadea8tlng
that were canded out id Merico. TTie main objective Ofthese thals
was to test the tisoge of the 26 MEn freqtiency I)roadcastlng l]and
to cover a local alca in a 8inqar wry to FM I.rondcasting. This
band has been usually used to broadcast [ozig dlstaBc¬ froDrmls-
Blon8 maln]y under blgh son-Spot Bcdvity.

Wtlen the 26 MHz bond ls used for ]oca] broadcasting, the tro-
pospheric propagation is the main mechanlgm instead orthe iono.
spberlc rrfuct]on usel) In IT. Atthese fllqueocle8the firstFrtsoel
elllpsofd is  us`ially  obstn]cted, and mDltipath  flt urban envilun-
ments is Strong. Itl this all]de, pmctlcal mininum rigml-to.noise
rado and fictd Strength levels are calculated r®r this Dove] usage Of
the 26 MHz flicqueney band.

Jndex r®r77Is-Digital audio broedcasthg, dldta] fulio, DRM,
HF radio I.rop8gatlon, reception rdlability, uhai areas.

T
I.  h"ODUouoN

HE  DIGITAL  sound  broadcasting  DRM  @igital  Radio
Mondiale)  system is a non-proprietary  standard that op-

Crates in the frequency bands under 30 MHz [1]+3].
The  transmissions  at  those  frequencies  can  propagate  by

means  of groundwave,  ionospheric  propagation  or  a  combi-
nation  of both mechanisms  [4].  Therefore,  the coverage area
of a DRM transmission goes from local areas in MF (medium
frequency), rag)opal areas in MF and LF (low frequency) up to
large and far away areas in IIT (high frequency).

The  HF bands  are usually utilized to broadcast programs to
taigcts far away from the transmitterusing ionospheric propaga-
don. To acliieve a successful transmission the ionosphere must
refract the electromagfiedc signal to the earth. The abili(y of the
ionosphere to refroct signals depends. among other factors, on
i(a  ionization  sta(e.  For a given ionization  state, the refraction
is achieved for frequencies under the MUF (Maximum Usable
Frequency).Frequenctesoverthisthresholdwillnotberefrocted
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TABLE I
Ttcm`ucAL Cil^R^cTmisT[cs oF Trm TRANSMissioN

Coordinates;                                    99®  15.920' W;  19. 22.o7l' N

Freq`iency:                                    25.620 hdiz

2560 in (300 in above the
averane heicht Ofthe citv'

Men powoI=                                ZOO W

Aotenm gain:                              7 dBi

Height ofmast:                            62 Ill

Height ofthe antenm:              40 in

back to earth. MUF increases as the ionization state ofthe iono-
sphere increases.

The 26MHzband is usually overthe MUF, but when the solar
activity is high (which occurs each elcuen years), the MUF in-
creases and the transmission is possible. The ionospheric prop-
agation can also be doTie due to the apparition of the sporadic
E layer, This iono§pheric layer is not directly related to the sun
cycle, and its effect appears more froquendy in summer time.
beingdifficultto predict its appearance [5). For these reasons the
26 MHz band tlas been Scarcely used for long distance transmis-
sions, and could be used for local coverage services. However.
the ionospheric propagation, due the F and E layers [6] and the
spomdic E layer [5] must be taken into accouTit when planning
the local use of the 26 MHz band due to the possible interfer-
ences that they could produce [7].

The  DRM  Consortium  proposed  time  ago  the  possible  al-
ternative use of the 26 MH2 broadcasting band [8], and hence,
a  few  trials  have been  done  [7],  [9]-[11].  'The  26  MHz  band
has a 430 kHz bandwidth,  which could be used for 43 DRM
transmissions  with   10  kllz  bandwidth  modes.  or  21   DRM
transmissions using 20 kHz modes. The frequency planning of
this band is coordinated by international coordination  grou|]s.
ASBU,  ABU-HFC  and  HFCC,  as  it  is  regulated  by  Article
12 of Radio Regulations [12].  Each coum]r  authorihes would
be in charge of frequency assigriments while the coordinating
committees should be informed.

The tropospheric component is the main propagation mech-
anism  when  using  the  26  MHz  band  for  local  coverage.  The
diffraction  and  the  multipath  are  of  great  importance.  Iono-
spheric  propagation  should  only  be  takeTi  into  account  for
interference cBlculation6.

Col8.93I6rs25.00 © 2006 IEEE
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TABLE 11
DRM Tt2siro MODEs

REF.ID.               (Ewiwz)       Mode             Msc Code           Bj( mte
rate               (kb/s)

18K  A/64/16/0.6                 18                 A

I 8K   B/64/16/0.6                 18                 8

18K   B/16/4/0.5                    18                 a

lox  B/16/4/0.5                  10                8

48.64

38.18

21.20

I I .64

]D this article,  an extensive  and carefully planned field trial

performed during July of2005 in Mexico D.F. is described. The
transmissions where perfomed in the 26 MHz frequency band
with a DRM transmitter and a mean power of200 Watts. These
trials were organized by the DRM Consortium, the University
of the Basque Country and Radio Educaci6n.

11.  OBJEC-
The ITU provides mininum field strength and signal-`o-noise

ratio  levels for different DRM  modes  and different estimated
propagation  cliannels  [13].  The  ITU data suitable for IIT fre-
quencies  were  obtained  considering  ionospheric  propagation
channel models. In consequence, there arc not so far any system
theshold values suitable for tropospheric propagation cl]armels.

Themaintargetofthesetrialswastotesttheviabilityofu§ing
the 26 MHz frequency band fbr local coverage and obtain a first
set ofplanning parametel's. This objective includes the determi-
nation ofthe most suitable DRM modulation para[neters forthis
propagation channel. Other objectives include:

"   Obtain the mimmum field strength for a correct reception
for a set of DRM modes.

"    Obtain  the  minimum  signal,to-noise  ratios  for  a  correct
reception of a set of DRM modes.

"   Obtain the necessary power that would be needed to cover
a city like Mexico City.

"   Evaluate the influence of different kind of uThan envilon-
ments in the reception of the DRM signal.

"   Test the DRM modes with  18 and 20 kHz bandwidths.

Ill.   ExpERIMENTAL NFrvroRK

The transmission center was located at Santa Fe, in the south-
west outskirts OfM6xico D,F. Santa Fe is a very hilly area 16 kin
away from the city center. Santa Fe is 300 meter over the mean
height of the city.

`The mean power ofthe DRM transmitter was 200 Watts. The

transmitter could be configured remotely from any internet en-
abled PC.  As the trausminer was located in the outskirts of the
city, a directive three elemen( vertical polarization Yagi-Uda an-
terma was chosen.

This  antenna  was  installed  in   a  tower  poindng  towards
Mexico City center, which was located abou( 45 degrees north-
west from the transmission celiter. The antenm horizontal 3 dB
beamwidth was  120 degrees and its gain was 7 dBi (data given
by  the  manufacturer). The main  lobe Of the anteTim was wide

enougl] to ensure that the gain variation on the measulcment
arcs was negligivle.

In Tchle I the main technical characteristics Of the tTansmis-
sioll are summarized.

The DRM system has four OFDM  modes:  A, 8. C and D.
Theoretical calculi show that the robusmess of modes A and 8
is strong enough to cope with delay spTcad and Doppler spread
due to multiprth in the coverage area undertes.. Therefore, scv-
eml combiJiations of parameters wcne used with those OFDM
modes.

One of the tngets of the trials  was to evaluate the  18  and
20 kllz bandwidth DRM transmission modes. Altliougl) 20 kHz
was  the  prefined  signal  bandwidth.  18  kHz  bandwidth  was
used instead, because the acquisition system was optimized for
18 kHz. The results obtained with a bandwidth of 18 kHz call
be easily extended to 20 kHz.

In Tat)le H the modulation parameters of each mode, along
with the allowed maxinum bit rate are summarized. In the table.
the IDs  tliat  will  be  used  to refer to  these  modes  during  tl]i§
document are also Eire§ented. Th/o groups of basic  pammeters
were chosen. one highly protected. mode l8K.B/16/4/0.5. and
another less protcotcd one, mode  l8K_B/64/16/0.6, which al-
lowed higher bit nites.

In   order   to   analyse   the   behavior   of   other   pamme(ers
of    the    DRM    modulation,    modes     loK_B/16/4/0.6    and
18K_A/64/16/0.6  were  also  chosen.  All  the  tests  were  per-
formed using long intcrlcaving because js more appropriate for
this type of propagation channel [1I.

The l8K.B/16/4/0.5 mode allowed a useful payload bit rate
of 21.20 kb/§.  This bit rate is high enough to allow the trans-
mission ofaudio with parametric stereo. This coding scl]eme is
part ofthe MPEG4 AAC family and offers an excellent quality
for  low  bit  rates  [14].  With  the  high  bit  rate  modes,  i.e.  the
18K|3/64/16/0,6 and 18K_A/64/16rI.6. the MPEG4 AAC full
sterco mode was used. The loK_B/16/4ro.6 mode allowed a bit
rate of 11.64 kb/a, suitable for CELP coded speech content [I].

As  the  DRM  standard  allows  up  to  four  audio  channels  in
the DRM sigml. the four DRM modes were used witlt different
audio channel configurations. These different combinations do
not affect the minimum SNR  and minimum  field strength cal-
culated for each DRM mode.

The mobile reception was done using a fully equipped mod-
ified van, as depicted in Fig.  I. The signal was received using a
R&S HEolo modified active antenna. This antenna was added
a low pass filter to avoid FM signal interferences and active cir-
cuit sat`iration. The anterma was calibrated after the addilion of
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Fig.I.    Diagram of the lncasurement system

the  low/  pass  filler  and once  installed on  the roof of the  vaii.
The anterma fed the RF sigml to the E8200 field meter. This
piece ofequipment performed two different tasks. On one hand,
it was able to measure the roccived signal sbength, and as the
system was calibrated. the field strength. On the other hand, it
was used as a frontcnd of the DRM receiver. It was capable of
downeonverdng the RF signal to zero IF IQ analog sigtiaJ. This
IQ signal was then sampled using a professional audio sound
cnd, and demodulated using a modified version ofthe DReaM
software receiver [15]. The DReaM soft`h/are was modified to
provide the measuremen( system with DRM apecific parameters
followingtheRSCIprotocol[16].ThemeasuLrementsystemalso
consisted of a GPS to record the position of the measurements.
andatachometertomeas`iredistanceswithhigherprecision.An
ad hce software tool was developed to control the measurement
system and i( rcoorded and organized the data captured by the
equipment,

IV.   MEASuREMRT MFrHODOLOGy

T\ro kinds of measuremcnts were made, on fixed lceations
and along routes. The distinction made between smtic and mo-
bile reception is based on the (wo kinds of radio lie(eners: the
"on foot" ones and the "on board" ones. The fixed point mca-

surements were performed during 15 minutes in predefined lo-
cations.  Most  difficult reception  conditions  were featured by
not)iJe reception, mainly due to fast sigm] variations.

Four types ofurtian environments were taken in(o account to
classify the predefined fixed points. The chaTactenstic8 ofthose
environments ae:

"   "7}pi.ca/  WcLri.can"  is  an  urban  environment  with  wide

streets and t`]/o storey buildings.
"    `.Dcusc I/wham" is an arcs with higli buildings.
"   "Open Rcsi.denfaJ' includes not very builtup oropen areas

such as parks.  In this case.  two different alcas were se-
lected: the Chapultepec wood and the Sport City.

"   `.Zow Dcmsc /ndz4s/ria/" is an industrial area without heavy
industly.

Four measuLrement routes were planried. oiie perenvironment
type.  As  the route  I  showed  low  received power due to ter-
rain obstnictions, another route with similar characteristics was
planned, this one named route 5. A route was composed ofboth
static and mobile measurements. In each route, 5 or 6 locations
for static measurement8 were chosen. Between successive stat]c
ineasurement locations, mobile measurements were performed.
The routes  were performed on  different  days  using  differen(

TABLE Ill
MEASUREMENT ROUTES

#:          Envirormenl                Area             %e:di#ne:
Route  I            Typical Mexican              Benito Juarez                   I I.5 lun

Route 2              Dense urban             Refoma po]anco                Io lcm

Route3              I,EjE;n:e                Azcapotzalco                  15l[m

Route4         0penResidenml          Chsafu;cec¥-            9.5.|7km

Rou(c 5           Typical Mcxicen          Aragon-Le vilh                 20 kin

a          2oco       .tee       eaco       8m      loooo     i2co     i+eco     i8fco     t8oco     cocoamfro(n"
Fig. 2.   Tfroin profile from mnsmittcr in45. Notth-East direc`iot]. Tbc dotted
line indicates .he direct pe(h fro the mn8mittcr.

DRM modes. In total static tneasurement§ were (aken in 60 lo-
cations and mole than 600 lcm Of mobile measurements were
recorded.  In Table Ill the different zones where the mcasure-
meiits were perfomed are deschbed.

The control sofa/are received and stored all the drt8 gener-
a(ed by the different measurement equipments. The mostimpor-
tant measured paranicters were the field strength, the sigml to
noise ratio. and the objective audio quality, The field strength
was  measured by  the EH3200  field  meter.  The  signal-to-noise
ratio was calculated by the DReaM receiver software [15]. The
audio qulity was measured as the percentage of colTectly de-
coded audio froes,

The reception was cousiderod colrect when the pcreentage of
correct decoded audlo frames  was equal or greater than 98%
[17].I(  should  be  noted  that  minutes  with  correctly  dcooded
aLidio frome percentnge below/ this  threshold could  lead to er-
rors nco deteccable t)y the listener. Therefore, this threshold was
conservative.

The SNR and field Strength values considered in the analysis
were the median of the lneasured values,

The field meter was not capable to measure two frequencies
a( the same time. Cousequcntly, the noise measuTemems  were
carried ou( pTeviou8 to the DRM signal measurements at each
location. To lcnowthenoise level ateach measurement point, the
noise level at four channels was measured, and the estinated
noise  was  calculated  as  the  median  value of them.  The  mea-
sured value was checked using the measured field strength and
the signal-to-noise rat]o. The noise  level  was  measured with a
30 kHz  bandwidth.  The  measLnement  system  base  noise  was
measured  prior  to  the  measurements  once  the  mobile  system
was installed. The measurements were done considering all the

possible fag(ors (vchicle engine on/off, Japtop on/off, etc), The



Fig. 3.   Audio quality reoeived wiq) the  l8KJ/L6A®.5 mode.

system noise threshold was -10 d84V (using the Same 30 kl]z
bandwidth). The noise values given in this paper lake into ac-
count the internal noise of the whole measurement system and
being bctb internal and external iioise uncorTelated the system
noise have been removed from the measurements.

Other interesting parameter to analyse was the variability of
the signal. The sigml at 26 MHz is difrocted and refleeted by
ter"in inegularities and buildings. This produces a sfrong mul-
tipath at the receiver. The multipath is mainly produced by the
buildings. that is, the difference in the path length can bc from
some meters to several hundred ofmeters. The coherence I)and-
width in these conditions can be several hundred of kiloher(z
[18]. As the DRM signal has a maximum of 20 kHz of band-
width. it muLs` be considered as na[Tow band signal. Therefore,
the multipath produces flat fading. and hence, a big variabinty
is expected. This variability is an impor(ant factor in the recep-
tion quality. Ttie vanability was mcas`ired in decibels using the
§tandnd deviation.

V.   STAnc RECEFT]oN REsulHs

The transmission center was at a height of 2560 in,  300 in
over the mean height of the city. The anterma was surrounded
by  higher hi]ls except in the North-East direction. the( is, the
direction towards the city center. So those hills had no great in-
fluence on these trials. Approinately between 5 lm and 10 lun
of distance from the transmitter there is a shadow zone. where
the telTaln elevations obstruct the line that gees from the trams-
mitting anterma to the receiver. Fig. 2 shows the terrain profile
corresponding to a 45° North-East azimuth. Along a part ofthe
profile the line of sight was shadowed by terrain irregularilies.
For this reason it was decided not to capture any measurement
at locations situated at distances between 5 kin and 9 kin from
the transmitter.

The  transmitter  power  was  low,  and  as  the  fixed  points
were  far  away  from  the  transmitter,  a  majority  of the  mea-
surements  were  inade  using  the  most  protected  inde,  the
I8K_B/16/4/O.5 mode.

A.   i8K_B/16/4ro.5  Mode

The  l8K_B/16/4/0.5  was  the  most  protected  mode  of the
modes tested in this tnal.

TAIu3 lv
Aul>ro Qu^irrv oF 18K_drl6/4ro.5 MODE

Mcati Audio QLiality                                                                       98.7L9/.

Number oftobl mcacard pointB                                            24

N`ml>cr ofpoidy when ^udio QualJty > 98%                      19

Number ofpoiDb whae Andie Qulity > 97y®                     22

Ntzpbcr ofpohtB where Audio Q`iaLfty > 90%                      23

24  static  Teeeption  mcasur¬mcnts  were  Teeorded  along  the
measurement routes using this mode. The mean audio quality
of these points was 98.71%, which is over tlie 98% threchold.
In 19 ofthose 24 points, the audio quality was higher than 98%,
In three ofthe 5 remaining points, the quality was between 97%
and 98%. In Table [V those results are summanzed.

In Fig. 3, the 24 points are depicted on the map. The names
of the points indicate the number Of the route and the position
ofthe point along the route. For example, the RIP4 is the fo`irlh
point ofthe first roLite. The estimaeed shadow zone is the area in
which the terrain otrstructs the line of sight path between trans-
mitter and receiver.  This  figure does no( accouli( for building
obstructions. As shown in Fig. 3. all the points with poor recep-
tion. excap( R5Pl, are at the fringe of the theoretical coveTage
aea ofthe transmitter. Points R1P2 and RIP4 are in the shadow
zone. The received signal strength in the R5Pl point is low. The
location wasjust beside a building and the distance to the trans-
mitter is the largest one ofthe measuremellt campaign. As it can
be seen in Table V, man  made noise was also high. This lnea-
surement point was located in a street with heavy trafflc.

Obtained data allowed to calculate the minimum SNR  level
needed fora correct reccption ofthe DRM signal using the mode
18K_B/16/4/0.5. In Fig. 4 the measured mod)an SNR of the 24
fixed points is depicted versus received audio quality. Following
the  tendency  given  by  different points.  a signal-to-noise  ratio
level  of  18  dB  should be  enough  to  receive  the  transmission
conectly. Tis is true for all the points, except for the seveiith

pointofthefouthroute,asi!canbeseeninFig.4,Thisplaceis
located next to the airpoz1, in a street with heavy traffic. At this
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TABLE V
Poq\rrs  WI'ni  AUDro Qu^iirv  LowER TL[^N 98% Wmi

MODE  18K_B/16/cO.5

field
Point              strength           -7;a"        ,;.DY...T^                  Problem

sid. Pev.          Noise

(dB)             (dBpV)
(dBrv/in)

RIP2                   34                      I.90                 6
Low and variable

Signal                                     ce

RIP4                     36                        I.84                   -I                         High noise

R2P6                     39                         I.59                  -0.5                       Higl. noise

R4P7                    42                       I.]2                 5.4                      mgh noise

29                           I.93                  -2.7S
Low Signal and high

00

I!      o         o  oo   ®ct9   coo

Oo

a0 Fiar

-unSNF'
/     ,edB    I

io           12           1.           16           te           ae          z2          2.           2e           2e           sO

Slgnel to N®Ie. Rdo (dB)

fig.  4.    Aud]o quality vB.  signal  to noise of the  fixed points.18KB/16/4ro5
mode.

point the highest noise levels were measured, a8 i` can be seen
in Table V.

The ITU does not specify mininum SNR values for I8 kHz
channels. Nevertheless, a corrlpanson could be made with the
values given for  10 kHz bandwidth channels  [13]. The values

given by the ITU for IT channels vary from 14.6 to 18 dB. In
spite of the similanty between the values ot)tained in this study
and the ones given by the ITU. it should be taken into accoiint
that the ITU tbrdolds are suitable for ionospneric propagation
chanTiels while, for local coverage, the main propagation com-
ponent is troposphenc.

Comparing  those  levels  with  the  current  analog  tran8mis-
sious.  the  minimum  C/N  to  receive  an AM  signal  is  36.5  dB
[19] that is  18.5 dB higher than the SNR needed for DRM.

In Fig. 5 audio quality versus median field strength is Shown.
In this case the reception threshold is 37 dBvV/in, However.

there are two points above this threshold that do not reach the
98%audioquality.OneOfthemistheseventhpeintofthefourth
route, as stated before. The other poim is the sixth point of the
secondroute,Atthispointhighnoiselevelswereal8omeasured.

The   37   dBpV/in  value  is   only   3  dB   below  the  theo-
retical  field  strength  needed  to  receive  an  AM  signal,  that
is, 40dBpV/in [19].  The reason for such a high threshold is
the man made noise. The 40 dB#V/in field strength threshold
is  defined  in  absence  of  external  noise,  .aking  into  account
only the internal noise of the receiver. The man-made noise of
Mexico  I).F.  is  very  high.  Therefore,  a  higl`er  field  strength

a                  °o        i8®°OOoooo
a II                                  R4P7

a I

I

I

I

a

20                 2S                 cO                 3§                  cO                 .8                 co                 66

Flctd Stroi`gth (dBvV/in)

Fig.  5.    Audlo  quality  v8.  rcccived  fic]d  8deng(A  of  fixed  reception.  Mere
t8K_B/i6/4roj.

O  ^|*CL.I,,"         `

ELg#¥-  - -  B
6      .     A       -t,

a                              ®OOo    a
A

oO
000

a            OQ'      a

I a             16            sO            28            cO             3.            40            .a            cO            ce

F[eu St"}gtl. (dBilv/in)

Fig. 6.   Effect ofthe received rignal snength vandri]ity in the andiD quali(y for
the I8f|B/16/4roj mode.

level  is  needed  to  achieve  a  comect  reception.  This  is  also

appucable to the AM signal, for which the real thresl`old must
be far higher than the given by the ITU.

The amlysis of the flvc points in whlch reception was not
good.show8tha(themincauseoffall`uewasthenoiselevel.Ill
four Of those points the noise level was higher than usual. espe-
cially with received DRM signal levels a8 low as 37 dBwV/in.
This shows that noise is a main factor to be then into account
when defining mininum field strength values. In Table V, the
problems dctcc(ed in the points with bed reecption have bccn
8urmanzed.

During the measurement campaign  it was observed in dif-
ferent reception environments that the presence Of traffic in the
vicinrty of the  measuremeltt point increased  the  variability  of
the signal. The vehicles passing near the rcoeivcr reflected the
DRM rignal and caused multipath. variable delay  spread and
Doppler.Withrespecltothevariability.i(isalsoremarkabletha(
the received sigllal strength changed up to 10 dB when moving
3 or 4 meters away. This is an evidence of multipath caused fla(
fnding at this frequency. The flat fading can lead reccption in-
paiments in this new use of the 26 MHz band.  A method to
overcome this  problem  will  rely  on  the  single  frequency  net-
work config`mtious where the location of the flat fading spots
frown each transmi(teT will be uncorrelated.

Fig.  6 shows that a combination of low/ power signal values
and high variability can produce errors in tlie receiver. In fact. at
field strength levels below 40 dD¢V/in, high qualify reception
can only be achieved when signal variability is small.



TAJ)l£ VI
REsuTTs or  l8K_B/16/4ro 5 MooE

Mean Audio Quality                                                                         98.7Ia/a

Number of(ofal meas.ired points                                                       24

Nunb¢r ofpoims where Audio Quality > 98%                            19

Miniznum signal to nofsc ratio                                                            l8 dB

Mininuiri field sdeiigth                                                              37 dBi.V/in

TABLE YII
Resui.Ts oF  loK_IV16/4o.5 Moi>E

Mean Audio Q`iality                                                                          95.75%

Numbea. Of to(al ineaslLrod points                                                            7

Nunlber ofpoints where Audio Qunlity > 98yo                             S

Minimum 8igrel to troise mtio                                                      16-17 dB

Mininiun ri.id strengib                                                           38 dBpV/in

TABIJ Vul
REsuLrs OF I8Kp64/Ien.6 MODE

Meali Audio Quality                                                                           88.249ro

Numbc. ofeorel mcas`ced points                                                      8

Numtm ofpoints where Audio Qualdy > 989/o                            3

Mininum 8igria[ to noise ratio                                                       22 dB

Minim`m field gtrcngth                                                        >43 dBpV/in

TABLE IX
RESuITS 0F 18KJ/64/Ico.6 MODE

Mcall Audio Qiiality                                                                          93.08%

Number oftofal mea8uled points                                                    6

Number ofpoints where Audio Quality > 98%                           2

Mininum sigml to noise rate

Minimun field stmgth

8.   Results Of Other DRM Transmirsston Modes

ln Tables VI-IX, data obtmned for all the DRM transmission
modes used,  including the  l8K_B/16/4/O.5  stated before. have
been surmanzed.

For modes 18K_A/64/16/0.6 and 18K.B/64/16/0.6, received
f]cld  strength  level  was  insufficient.  It  can  also  be  seen  that
the mininum SNR needed for l8K.B/64/16/0.6 mode i§ 4 dB
higher than the needed for 18K_B/16/4/0.5 mode. This value is
lower than the values given by the ITU [13], which are between
5.3 and 5.5 dB, depending on the propngation chaTinel.
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TADLE X
FEu) STRENc" AND NolsB SIAilsT[es DlviDrm By ENvrRONMENT Tvmes

Eiivi~en.         dre#ecero      (d5ict;in)     vi!-!i;Hey     (r:|sev)
type

transmitlcr

Typical Mexican            I I.5 lan                   37                     I.55                4.6

Dcnsc ufoan                lo kin                 39.5                  I.44                4.9

Lov-
lndu8tnel
Opened

Rcsidctilial

15  kin                       35                         ).27                    -8.2

9.5 -t7 kin                40.5                      I.15                     -10

Typical  Moricen              20 lcm                     J7                      I.cO                 J5.6

I(   should   be   stated   that   modes    l8K_B/64/16/0.6   and
l8KJ/64/16/0.6 can be conectly received, but higher power
than the one `ised in this trials will be needed.

C.   Effect Ofthe Environri.ent in the Reception

Reception environment is a key factor in the reception ofany
radio service. In order to study its effect in the DRM system.
differem routes where planned in different environments.  The
chosen  routes  and  their  chaJactenstics  can  be  seen  in  the
Thble in.  As stated before, the noise and the field variability
were  observed  as  the  main   factors   when   determining  the
behavior  of the  DRM  signal.  In  Table  X  field  strength  and
notse  statistic data measured  along the  five routes are Shown.
The ten  `field variability" is the mean value of the s.andard
deviation of the measured field in each fixed point. 'This shows
the variability of the signal.

It can be observed that the received field strength values are
not apparendy  com:laced  with  the  distance  to the  tTansmitter.
Thisresultisnotsurprising,asthepathlossisheavilyinfluenced
by factors not directly related to the distance. The obstniction
mnde by the buildings showed to be an impor(ant factor (hat
produced  significant lasses in  Some cases.  These  ]oss¬s  were
not correlated with the distance to the transmitter. The influence
ofthe environment type and terrain obstacles are clearly appre-
ciated when comparing routes one and five. Those areas were
classified as belonging to the same environment category (typ-
ical Mexican). Route five is located 20 kin away from the tmns-
mitter, wile first route is only I I.5 lm away. Nevertheless. the
rEx;eived field §treng(h is similarin both cases. The reason is that
the first route is in the vicinity of a shadow zone. As expected.
the variabil]ty observed in open environments is also small.

Table  X  Shows  measured  man  made  noise  levels  in  the
26 MHz band. As expected. the noise Level at the apon cm/i'ron-
mcni was the lowest. It should also be  noted that the noise  at
/owdense I.nd.srrha/ zone was smaller than the one ofthe deure
I.whan area. The reason is the( in the tow dense jndus/na/ zone
analysed in Medico there were less traffic and electromagnetic
noise soiirces.

In Table XI audio quality  and median SNR resul(s foI' each
area are §ho`rm, for mode  18K_B/16/4/0.5. exception made for
the industrial zone. where this mode testlng was not Scheduled.

Reception  in  the  open  reil.dcnli'4/ environment  was  almos(

perfect (99.5%), and it showed the highest signal-(onoise ratio,
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TABLE XI
AUDio QUALITY  AND SNR STrmsTies DrvlDEI) By ENvmoNMENT Tvmas

MODE  I 8K_B/ I 6/4ro.5

Envirormcn(type         .'ti::i'=.]L-c;'        SNR(dB)

Typied Mexican                          11.5                           20.24                     98,25

Dense urban                               10                            25.07                    99.30

0pcncd Rcsidcnti81                    9.5 -17                         26.15                      99.95

Typical Mexican                         20                           2238                   97.32

The results  were  very  good  in  other more noisy zones,  as the
ones of the first and second routes. In those routes, in addition
to I]oise. there was higl` Signal variability due to muLtipath prop-
agation. Apart from that. overall, the audio quality was higher
than the 98% thlieshold.

It can also be observed. that in deusc zlrban environment, re-
ception was better than in the opjca/ Af,ei:I.can one, which was
unexpected. Traffic is not the factor that causes this difference
because  both  environments  have  Similar traffic  levels.  Noise,
another important  factor,  is  also the same  in both areas.  The
reason may be the difference of 3 dB that is iD the received field
strength. In the two routes of the opjcaJ Mca'can environment,
the median field strength level is 37 dBwV/in, which isjust the
threshold for a conect reception, as Stated before. Meonwhilc
the signal level in the douse urz7an environment is a little higher
and it allows better reception.

D.   Effect Of the Traffic

Traffic close to the measurement lceation was observed as a
very important factor, The engines ofthe can are an important
souroe  of radioelectric  noise  [20],  [21].  In  order to  Study  the
effect of the traffic on the reception of DRM signals, the data
obtained  from  mode  l8K_B/16/4/0,5  was  separated into two
groups,  first  group containing the points  in  which tmffic  was
moderate or heavy, and a second group containing the points
with low traffic. Other sources of noise were the trolley buses,
beilig sparks produced t]y the trolley. origin of rndioclectnc im-
pulsive noise. ITiterferences produced by the radio emitters, very
typical in Mexico, should also be taken into BccoLint.

Audio  quality.  minimum  SNR  and  field  strength  level  re-
sults  obtained  for  mode  l8K_B/16/4/0.5  can  be  observed  in
Table XII.

Table XII shows the influence ofthe traffic density in the re-
ception quality.  Poims without traffic  sliow high performance
and those locations that show reduced quality were affected by
traffic despite other factors. Being excellent the reception in all
the points without traffic, it ia impossible to calculate with preci-
sion the minimum SNR and field strength thresholds. Therefore,
the minimum values with excellent quality have been taken as
the theshold.

Fig.   7  shows  the  relationship  between  field  strength  and
audio   quality   classifying   the   points   by   traffic   level   with
l8K_B/16/4/0.5  mode  reception.  Points  without  traffic  need
lowerfieldstrengthlevelsthanpointswithLraffic.Thereeeption
threshold is near a value of 31  dBqv/in for locations where

TABLE XII
REcrmoN Wmi AND WrrHouT TRAFFlc roR  I8K_B/16/4/0.5 MODE

Lce®tfong
w]thoul
mfr'c

Locations
with tnmc

Mean Audio Quality                      98.71 °/o                99.60%                98.18%

x::FQ:f,fyi;ts#%he            ]9                9                to
Number oftofat
mca8uTed poirfe

Minimun SNR                               l8 dB                < 15 dB                l8 dB

Miniznuni field 80ength          37 dBpvha                 -                 }7 dBt.V/in

Field variability                                I.}O dB                I.00 dB                I.48 dB

Median noise                              -5.6 dElpv         -10 dBpV         ..6 dBpV

0
XX

aoo

a-`----`..~~---~                --             OFion9`nmteue-

a.                                 xpomawlcou-

co              2s              co              35              ro              «              so              5§
Fldd sfroligtri (dB|.V/in)

Fig. 7.    Thffic influence ob audio quafity v8. field 8trcngth Of Static reecption.
Mode  I8K.B/16/4roj.

the mffic influence was negligible. The threshold Value can rise
I)p (o 6 dB  more if a cer(ain location is heavily influenced by
noise and signal vanation produced by moving vehicles close
(o the receiver.

Perfoming a similar analysis with the remaining tested DRM
modes, the sanre tendency is sho`rm. The points withou( mffic
for modes  lox_B/16/4/0.5  and  l8K`L864/16/0.5,  five overall.
her a perfect Teeeption.

VI.   MOBILE RECEPTION RESUIJTS

A.   Lndial Route

As scoedbefore, mobile measurements weredone ill the same
zones a8 static measurements. In addition to the five routes ex-

plained, a route without static measurements was also included.
This route was a radial route in northeast direction. beginning
10 kin away from the transmitter, at the start of the Viaducto
road.  This  fnobile  measurement  went  all  along  the  Viaducto
road. passing by the international airpolt, and taking the Tex-
cck:o highway (see Fig.  8). [n this route, two differen( sections
can  be  cold  apart.  The  Vladucto  is  a  wide  road,  3  lanes  each
way,  built  on  the  bed  of an  ancien(  river  with  sharp  walls  a(
the  sides.  Its  shape  is  similar  to  a  tunnel  wliere  the  roof has
been  opened.  The  Vladucto  lnean  height  is  always  under the
city mean level.  Furthermore,  the VIaducto  has many  (urmels,
and holds very heavy traffro. Even  if i( is a high  veJoci[y rend.



Fig.  8.    Radial route.

ioooo       isooo       =oooo       zsooo       3aooo       ceoco       .ecoo       15ooo       5cooo
I]lctmco (mctou)

Fig. 9.    SignaLL sLrcngth. SNR and audio quality Of the ndid Tout¬.

the Tnean speed is about 50 kmth,  with a mndmum of about
80 kin/h. Due to the traffic level, the speed at this road is very
variable with  Tnany  acceleratious  and decelcrations. The Tex-
caco highway is a 15 kilometers straight road. built in open en-
vironment. The traffic love) is moderate and the cars move very
fast. over loo Ion/h. The route between the end Of the Viaducto
and the beginning ofthe highway is a road with havy traffic.

The mobile mesuTements done along this route were per-
fonned  using  mode  loK_B/16/4/0.5.  Fig.  9  shows  the  field
strength  level,  the  signal-to-noise  ratio  level  and  the  audio
quality of the received signal.

The most important conclusion that came out from the mea-
suTements performed along this radial route was that all the er-
rors in reception up to a distance of 16 kin from the transmitter
were caused by the tunnels.  Furthemore,  it should be  stand
that in several tuimels there was an error free reception. From
16 kin to 20 kin away from the transminer, errors were caused
by  low signal  levels.  25  kin away from the transmitter, recep-
tion was  really  t)ad  due to interferences  colT`ing  from the air-
port. It should be noted that from 30 to 45 kilometers from the
transmitter, there were very scarce errors in the reception. The
reason is that the Texooco highway is in Open Env;ronmenL In
this  zone  field  strength  level  is much  more  stable than  in tlic

Vinducto. The multipath is lower than in the city, thus, the vari-
ability i8 also smaller. It can be seeri that in the first half Of the
route. the field Strength does not follow a clear tendency. Never-
theless, for distances further thafi 34 ki]ometers away from the
transmitter, the negative slope tendency is clear. This reinforces
the fact that in the city, the received levels were more influenced
by the topology of the city, than by the distance from the trans-
mitter.

All the translnission franes with signal-to-noise ratio levels
higher  than   20   dB   were   received   perfeetly.   Frames   with
signal-to-noise ratio betweeli  18 and 20 dB, were received with
an audio quality of 98.6%. Cinsequently. for mobile reception
and  Tnode   loKLB/16/4/0.5   the  SNR   reception   threshold  is
18 dB.

8.   Efflect Ofthe Eirviroronent in Mobile Reception

Data  from  different  environments  have  been  analysed,  but
little differences have been fciund among  them.  except for the
open rf'sl'dcut.al envilunmen(. The study was perfoflned using
the most  pmected mode,  that  is,  I 8K_B/16/4/0.5  mode.  Tl]c
coverageineachroutevanedfrom20%to25%,exceptforroute
4. where the coverage was greater than 50%.
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1ABLE XIII
A(/Dio QUAI.mr AND SNR ST^TisT]cs DlviDED By EinmoNi4ENi. Tues

MODE  I8K.B/16/4/0.5-MOBILE RECEf'lloN

Route          Eavm.           i2Ovoo.mwie
cOvcmge               cOvcTngc

a EW)               (6.3 kw)

Viaduet-        Fourlanc        Uptol5km        Upto42fo

Texcoco            loud                  (or/,)                  (03D/®)

Routc`         :#!:             29%                 91®/.

Route2          3=               23./.                 87%

ROute4       Rcs¥oa|             51®/.                   94%

Routc5       J:i:            21%                87%

More than 42

kin(.100%)

_  100%

-100%

-100%

-100%

C.   Estimattorl Of Requlred Traesmiss.Ion Power

As stated before, with a signal-(o-noise ratio of 20 dB a per-
feet reception ofthe DRM signal in moveTnent cam be achieved.
IncTcasing the Signal,to-noise ratio in each route. the coveTage
increase ofeach route can be calculated. In Table Xm the thcgr
redcal results obtained for 2 kw and 6.3 kw (mnsmitter powers
are shown, along with the real results Of the 200W transmitter.

As it can be seen, with 2 kw RMS power, that is, increasing
the power of the mnsmitter by  10 dB, an estimated coverage
Of the 90%  of the city is ot]tained. If the power would be in-
creased by  15 dB (up to 6.3 kw), almost all the city would be
covered. Some funnels and very noisy spots would [eq`iire very
high power levels to be covered.  These special points  are not
covered by analog mnsmissions. Nevertheless, an operational
broadcast could be perfomed with  a transmission power be-
tween 2 kw and 6.3 kw.

VII.   CONcl.USIONS

The results of the trials show that the 26 MHz band can be
und  for  local  broadcastlng  using DRM.  The  main concerns
come from the interferences thatcould be caused by othertrams-
Initters due to ionospheric propagation.

The  18  kllz bandwidth DRM transmission  mode provided
a rehchle  service and offered  a good choice with high audio
qL]ality in zones where these bandwidths suit the spectnrm con-
strainls. An example ofapplication is the 26 MHz broadcasting
band which is nowadays very scarcely used.

The main propagation mechanism in the 26 MHz band is the
fropospheric  proi)agation.  Therefore the received signal  levels
showed a high variation in urban environments due to diffrac-
tion and multipath. The propagation channel i8 affected by flat
fading which means great variability and black spots, points in
where the reception call be difficult. It is envisaged that single
frequency networks will preduce smoother field strength level
distributions within the coverage in lange cities and thus will re-
duce considerably the effect of flat fading.

The minimum rield 8tlength level needed for a DRM trans-
mission at those frequencies is far lower than the field strength
needed for an AM transmission in the MW t)and.

The  man-made noise has been  found relevant  in  this mea-
surement campaign and  i`  should  be taken  into account when
plaf`ningDRMserviccsinthistiand.Thenoiselevelsmeasured.

though,  are  much  leas  than  tl)e ones  that can  be  found in  the
Medium Wave band.

Sligl)t reception behavior differences have been  found with
respect to different environment (ypes. except for the open reB-
#en/I.a/ environment where the reception is much better than
intypicalMedcan,lowdenseinduslrialwldenseurban,\`has

beendemoushatedthlthepreseneeoftrafficincreasesthemin.
imum  field strength requirements up (o an amoui]t of 6 dB for
static reception.

The results show that a 200W RMS transmitter is I)ol enongli
to cover Mexico D.F. Based on estimations made using the re-
sults of the mcasurements, the 90% of a city like Mexico D.F,
would be covered using a 2 kw RMS power transmitter and a
power of 6.3 kw would be needed if the coverage should reach
the  100%.
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